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SUMMARY 
Each year a cc iden t s account for thousands of dea ths and s e r i o u s 
i n j u r i e s i n t he l a rge c i t i e s of t h e United S t a t e s . Many l i v e s can be 
saved and coun t l e s s permanent i n j u r i e s avoided by provid ing f a s t e r , 
more e f f e c t i v e ambulance s e r v i c e . He l i cop te r s a r e p r e s e n t l y being con­
s ide red by s e v e r a l me t ropo l i t an a r ea s as a means of improving t h e i r 
e x i s t i n g ambulance c a p a b i l i t y . The h e l i c o p t e r ' s a b i l i t y t o r a p i d l y f ly 
above the congest ion t h a t of ten accompanies acc iden t s i s a s t rong sup­
p o r t i n g f ac to r for i t s use in evacuat ing v i c t i m s . 
The ob j ec t i ve of t h i s r e sea rch i s t o develop and t e s t a s imula­
t i o n model t o be used i n the a n a l y s i s of me t ropo l i t an ambulance systems 
u t i l i z i n g var ious combinations of v e h i c l e s . The v e h i c l e types inc lude 
ambulances, dual purpose v e h i c l e s and h e l i c o p t e r s . P e r t i n e n t f a c t o r s 
considered i n the model a re weather , acc iden t r a t e , l o c a t i o n s of a c c i ­
d e n t s , h o s p i t a l s and v e h i c l e s , and v e h i c l e maintenance s chedu l ing . 
In the g e n e r a l , t he behavior of the s imula t ion produced no s i g ­
n i f i c a n t reason for r e j e c t i o n of t h e model as an accep tab le r e p r e s e n ­





The ob j ec t i ve of t h i s r e sea r ch i s t o develop and t e s t a s imula­
t i o n model t o be used i n the a n a l y s i s of a me t ropo l i t an ambulance 
system u t i l i z i n g var ious combinations of v e h i c l e s . These v e h i c l e s 
include convent iona l ambulances, h e l i c o p t e r s and emergency v e h i c l e s , 
such as dua l purpose v e h i c l e s , used by p o l i c e and f i r e departments which 
a r e capable of t r a n s p o r t i n g p a t i e n t s t o nearby medical f a c i l i t i e s . 
P e r t i n e n t f a c t o r s cons idered inc lude wea ther , acc iden t r a t e s by t ime of 
day and y e a r , l o c a t i o n s of a c c i d e n t s , h o s p i t a l s and v e h i c l e s , and 
veh ic le maintenance schedu l ing . 
Problem D e f i n i t i o n 
The methods p r e s e n t l y being used t o t r a n s p o r t t h e in ju red and 
c r i t i c a l l y i l l of our c i t i e s l ag f a r behind modern technology . There 
have been no app rec i ab l e changes in the mode of t r a n s p o r t i n g these 
p a t i e n t s for over 50 y e a r s . During the l a s t 20 years the armed s e r v i c e s 
have made ex tens ive use of h e l i c o p t e r s for evacuat ing b a t t l e c a s u a l t i e s 
and t r a n s p o r t i n g them t o medical a id s t a t i o n s and h o s p i t a l s . As more 
people become aware of the use fu lness of the h e l i c o p t e r i n t h i s l i f e -
saving r o l e , t h e ques t ion i s f r equen t ly asked as t o why h e l i c o p t e r s a r e 
not used for c i v i l i a n c a s u a l t i e s . 
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He l i cop te r s do provide a promising s o l u t i o n for many c i v i l i a n 
ca sua l t y evacua t i ons . There i s n o t , however, a d i r e c t e x t r a p o l a t i o n 
from t h e use of h e l i c o p t e r s for b a t t l e f i e l d evacuat ions t o the use of 
t h i s v e r s a t i l e a i r c r a f t for c i v i l i a n use . The cond i t i ons of combat make 
the use of sur face v e h i c l e s very slow and u n r e l i a b l e . Roads may be non­
e x i s t e n t , and merely t r a n s p o r t i n g the p a t i e n t on the ground might com­
pound h i s i n j u r i e s . On the o ther hand, t h e h e l i c o p t e r crews sub jec t 
themselves and t h e i r h e l i c o p t e r s t o high r i s k s and of ten unorthodox 
maneuvers t h a t would not be accep tab le i n a densely popula ted a r e a . No 
dec i s ion must be made on the b a t t l e f i e l d as t o the type of veh i c l e 
b e s t s u i t e d for the evacua t ion , and cos t p lays nea r ly a nonex i s t en t 
r o l e i n t h e d i spa t ch ing of a h e l i c o p t e r . 
There a r e very few c i v i l i a n ambulance systems t h a t a re f inan­
c i a l l y ab le and au thor i zed t o make- l a r g e expendi tu res for new equipment 
without f i r s t g iv ing sound j u s t i f i c a t i o n for t h e equipment. In d i s ­
cuss ing t h e use of h e l i c o p t e r s with h o s p i t a l and ambulance o f f i c i a l s , 
as i t was obvious t h a t most were g r e a t l y i n t e r e s t e d in the idea and 
could see d e f i n i t e advantages t o having h e l i c o p t e r s as a supplement t o 
t h e i r e x i s t i n g s e r v i c e . At the same t i m e , t h e i r exper ience helped them 
t o find problems t h a t might a r i s e from the use of h e l i c o p t e r s . Such 
f a c t o r s as c o s t , pe r sonne l , weather , h e l i p o r t s , proper u t i l i z a t i o n , 
maintenance, equipment, p u b l i c accep tance , t ime saved and e f f e c t of time 
saved must be given s p e c i a l c o n s i d e r a t i o n . Only a f t e r an e x t e n s i v e 
e v a l u a t i o n of t he se f a c t o r s could a d i r e c t o r be in a p o s i t i o n t o r e q u e s t 
and s u b s t a n t i a t e the use of any combination of v e h i c l e s , whether or not 
t h a t combination inc ludes h e l i c o p t e r s . 
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Importance of Study 
The gene ra l pub l i c i s aware of t h e heavy t r a f f i c on s t r e e t s and 
highways. Experienced d r i v e r s may a l s o r e a l i z e t h a t , a l though highways 
a re c o n t i n u a l l y being improved, de lays caused by acc iden t s a re becoming 
more f r equen t . Although these delays may seem only an annoyance t o most 
peop le , they may mean sus t a ined p a i n , permanent i n j u r i e s or even death 
t o acc iden t v i c t i m s . In cases involv ing c o r o n a r i e s , hemorrhaging, head 
i n j u r i e s , and in some cases shock, a few minutes can have a g r e a t 
in f luence on the u l t i m a t e outcome of the p a t i e n t ' s i n i t i a l c o n d i t i o n . 
From a s t r i c t l y humani tar ian s t a n d p o i n t , h e l i c o p t e r s should be 
included i n every me t ropo l i t an emergency t r a n s p o r t a t i o n system, ass igned 
t o h o s p i t a l s , p o l i c e or f i r e depar tments , or be provided-by an i n d e ­
pendent o r g a n i z a t i o n . I f viewed s t r i c t l y from an economic s t a n d p o i n t , 
a c i t y could run an ambulance for a year for as l i t t l e as $20,000 (2) 
while a h e l i c o p t e r would cos t about $80,000 per year ( 4 ) . A p r i v a t e 
ambulance s e r v i c e in Wyandotte, Michigan, charges $25.00 p lus $1.00 per 
mile fo r an ambulance and $30.00 p lus $1.50 per mile for i t s h e l i ­
cop te r (13 ) . Since many ambulance s e r v i c e s p r e s e n t l y work a t a l o s s 
each y e a r , i t might prove necessary t o f ind new means of f inanc ing a 
more expensive system i n c o r p o r a t i n g h e l i c o p t e r s . 
Both the humani tar ian a spec t s and the f i n a n c i a l problems a re 
e s s e n t i a l elements t h a t must be i n v e s t i g a t e d before a community embarks 
on a major change in i t s ambulance s e r v i c e ; however t h e emphasis of 
t h i s r e s e a r c h i s on the e f f e c t s of d i f f e r e n t combinations of v e h i c l e s 
on s e r v i c e t ime . To be eva lua ted a r e : 
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1. Change in mean s e r v i c e time where s e r v i c e time i s def ined as 
the t o t a l t ime between a c a l l fo r a veh i c l e and the p a t i e n t ' s a r r i v a l 
a t a h o s p i t a l . 
2 . Shif t in the d i s t r i b u t i o n of s e r v i c e t i m e s . 
3 . Effec ts of d i f f e r e n t combinations of v e h i c l e s . 
4 . Ef fec ts of more than one h o s p i t a l on v e h i c l e u t i l i z a t i o n . 
5 . Effec ts on the system of f u t u r e i n c r e a s e s in emergency c a l l s . 
Furnished with t h i s in format ion , the dec i s i on makers with the 
medical ca re r e s p o n s i b i l i t y for a me t ropo l i t an a rea w i l l be in a b e t t e r 
p o s i t i o n to make a sound evaluation of their vehicle requirements. 
Scope 
I t i s t he i n t e n t of t h i s t h e s i s to p r e s e n t a v a l i d s imu la t ion 
model for t he fu tu re e v a l u a t i o n of me t ropo l i t an ambulance s e r v i c e s and 
the e f f e c t s of adding h e l i c o p t e r s t o t h e s e s e r v i c e s . The v a l i d a t i o n of 
the model i s accomplished by comparing i t s output with da ta ob ta ined in 
the a rea being s imula ted . In t h i s r e s e a r c h , Grady Memorial Hosp i t a l of 
A t l a n t a , Georgia , was the source of da ta which cons i s t ed of ambulance 
c a l l s by time of day and d u r a t i o n , ambulance s chedu l ing , acc iden t type 
and acc iden t l o c a t i o n . The v a l i d a t i o n per iod i s the yea r 1968 and 
the bases of v a l i d a t i o n a re acc iden t r a t e , mean t ime of s e r v i c e and 
d i s t r i b u t i o n of s e r v i c e t i m e s . 
0 The model i s t o s imula te the e f f e c t s of weather on acc iden t 
r a t e s , ambulance s e r v i c e t ime and h e l i c o p t e r e f f e c t i v e n e s s ( c o n s i s t i n g 
of p a t i e n t s e r v i c e time and f l y i n g f e a s i b i l i t y ) . The model must a l s o 
s imula te v e h i c l e schedul ing s ince the number of v e h i c l e s and crews 
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v a r i e s by time of day. F i n a l l y , the model i s t o show the r e s u l t s of 
the i n t e r p l a y of d i s t i n c t and d i f f e r e n t ambulance systems working 
t o g e t h e r t o s e r v i c e a l l emergency c a l l s . 
Assumptions 
The computer language chosen fo r t h i s r e s e a r c h , the General 
Purpose System Simulator I I (GPSS I I ) , a l lows many parameters of t h e 
problem under study t o be taken i n t o account . For t h i s r e a s o n , t he 
assumptions can be minimized. Some d e c i s i o n s , however, had t o be made 
and they a r e p resen ted h e r e , not n e c e s s a r i l y in the order of t h e i r 
importance. 
Accident I n t e r v a l 
As w i l l be expla ined l a t e r under Method of Approach, the i n t e r v a l 
between a c c i d e n t s i s a random v a r i a b l e which i s a funct ion of time of 
day and weather . 
The time between a r r i v a l s for c a l l s r ece ived by Grady Memorial 
Hosp i ta l form a nega t ive exponen t i a l d i s t r i b u t i o n and i t i s assumed t h a t 
o the r ambulance s e r v i c e s would have s i m i l a r p a t t e r n s . 
Accident Locat ion 
The d i s t a n c e s from the scenes of a cc iden t s t o the n e a r e s t emer­
gency medical f a c i l i t y a r e considered t o be e x p o n e n t i a l l y d i s t r i b u t e d 
about a mean of t h r e e m i l e s . This va lue can be changed a t the d i s c r e ­
t i o n of t he i n v e s t i g a t o r . The procedure i s included in Appendix B of 
t h i s t h e s i s . 
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Accident Types 
Accidents a re considered t o f a l l i n t o one of t h r e e t y p e s . The 
f i r s t t y p e , denoted Mode I , a r e acc iden t s which occur on freeways where 
t h e r e i s enough open space fo r a h e l i c o p t e r t o land with l i t t l e danger 
of h i t t i n g e l e c t r i c a l w i r e s , p o l e s , towers' , b u i l d i n g s , or o the r su r face 
o b s t r u c t i o n s . Also included are pickups from s e l e c t e d po in t s where 
landing i s p o s s i b l e . 
Mode I I a cc iden t s c o n s i s t of a cc iden t s where t ime i s important 
t o t he we l l -be ing of t h e v i c t i m , but i t i s t he d e c i s i o n of t he d i s p a t c h e r 
t h a t an ambulance from the c l o s e s t h o s p i t a l or p r i v a t e company can match 
the time of a h e l i c o p t e r . 
Mode I I I a cc iden t s encompass a c c i d e n t s where time i s not a 
c r i t i c a l f a c t o r t o the person r e q u i r i n g the s e r v i c e and those cases 
where the use of a h e l i c o p t e r i s deemed i m p r a c t i c a l . Examples of the 
f i r s t of t he se two cond i t ions would be t ak ing p a t i e n t s from a h o s p i t a l 
t o t h e i r homes and t r a n s p o r t i n g i n v a l i d s from one p o i n t t o a n o t h e r . 
Examples of t h e second cond i t ion a r e : s e r v i c i n g a c a l l where o b s t r u c ­
t i o n s might make f l y ing dangerous; having no landing s i t e s c lose t o 
the acc iden t s i t e ; and having a p a t i e n t who re fuses t o f l y . 
Method of Approach 
The Problem 
A r e c e n t t e l e v i s i o n e d i t o r i a l (5) s t a t e d t h a t i t was not uncom­
mon for a v i c t im t o wai t more than 30 minutes for an ambulance i f he i s 
i n the c i t y . Suburban v ic t ims usua l ly must wait , cons ide rab ly l o n g e r . 
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The e d i t o r i a l cont inued t h a t h e l i c o p t e r s could do much t o reduce t h i s 
t ime . 
A l i t e r a t u r e search i n d i c a t e d g rea t i n t e r e s t i n the p o s s i b l e use 
of h e l i c o p t e r s for c i v i l u s e , and an occas iona l a r t i c l e p e r t a i n e d t o 
the use of h e l i c o p t e r s on mercy f l i g h t s . The United S ta te s Coast Guard, 
of cour se , has been using h e l i c o p t e r s for over 20 y e a r s , and i t has 
documented many i n s t a n c e s where h e l i c o p t e r s provided f a s t e f f e c t i v e 
s e r v i c e i n rescue work. Very l i t t l e has been done in e v a l u a t i n g e x i s t ­
ing ambulance systems and no th ing was found on the a n a l y s i s of an 
i n t e g r a t e d ambulance /he l icop te r system with the exception of a t r i a l 
program sponsored by the Department of T ranspor t a t i on in the P h i l a d e l ­
p h i a , Pennsylvania , me t ropo l i t an a r e a . In t h i s case h e l i c o p t e r s were 
ass igned t o the p o l i c e and used for the combined func t ion of t r a f f i c 
c o n t r o l and emergency evacua t ion . 
An eva lua t i on of the h o s p i t a l and ambulance i n t e r f a c e i n d i c a t e d 
the c h a r a c t e r i s t i c s which r equ i r ed i nco rpo ra t i on i n t o the system model. 
B r i e f l y , t he se a r e : 
1 . Locat ion of emergency medical and ambulance f a c i l i t i e s . 
2 . Hours of ope ra t ion of emergency medical f a c i l i t i e s . 
3 . Crew schedul ing fo r ambulances. 
4. Accident r a t e by t ime of day and weather c o n d i t i o n . 
5. Accident l o c a t i o n d i s t r i b u t i o n . 
6. Ambulance e f f e c t i v e n e s s by time of day and weather cond i t i ons . 
7. He l i cop te r e f f e c t i v e n e s s by t ime of day and weather 
c o n d i t i o n s . 
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8. He l icop te r ope ra t i ng c h a r a c t e r i s t i c s . 
9 . Proposed h e l i c o p t e r base l o c a t i o n . 
The Simulat ion 
The system for one h o s p i t a l with i t s own ambulance s e r v i c e i s 
i l l u s t r a t e d i n Figure 1 . If the h o s p i t a l ' s ambulances a re busy , a c a l l 
i s made t o a p r i v a t e company t o s e r v i c e overflow c a l l s , thus e l i m i ­
n a t i n g any backlog of p a t i e n t s wa i t i ng fo r s e r v i c e . 
The t h r e e major components of the system, the Accident Genera tor , 
the Hosp i t a l and the Vehicle Se rv i ce , a re the b u i l d i n g blocks for simu­
l a t i n g a me t ropo l i t an ambulance system. Each geographica l a rea about 
an emergency medical c e n t e r has a v a r i a b l e r a t e of a c c i d e n t s . Each 
emergency medical c e n t e r has s p e c i f i c hours of ope ra t ion which may not 
be 24 hours each day. Each ambulance s e r v i c e ( a i r or ground) has crew 
schedul ing which may change the number of a v a i l a b l e v e h i c l e s a t d i f f e r ­
en t t imes of t h e day. 
A l l of these c h a r a c t e r i s t i c s can be handled by the General 
Purpose Systems Simulat ion I I (GPSS I I ) language s e l e c t e d fo r use h e r e . 
This language a l lows the i n v e s t i g a t o r the freedom and ease t o change 
the model t o become more, or l e s s , complex by changing the parameters 
or the accuracy of the component r e l a t i o n s h i p f u n c t i o n s . As an example 
of t h i s , weather can be in t roduced i n t o the model as a cons tan t or i t 
can be cons idered as a complex funct ion which w i l l provide va r ious 
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V a l i d i t y of the Model 
The v a l i d i t y of t h e se rv i ce time d i s t r i b u t i o n and the v a l i d i t y 
of the time between c a l l s d i s t r i b u t i o n of the model was determined by 
use of the Kolmogorov-Smirnov Test fo r goodness of f i t ( 3 , 1 8 ) . The 
primary measure of v a l i d i t y was the d i s t r i b u t i o n of s e r v i c e t imes fo r 
an ambulance system composed of sur face ambulances. The d i s t r i b u t i o n 
of t ime between acc iden t s was a l s o compared with s t a t i s t i c a l da ta of 
the s imula ted a r e a . 
The Kolmogorov-Smirnov t e s t was developed for use with ranked 
serial d a t a . It has been determined that the test can a l s o be used 
with grouped da ta with l i t t l e change i n t he app rop r i a t e s i g n i f i c a n c e 
l e v e l s where l a rge sample s i z e s a r e involved ( 1 1 ) . The sample s i z e s 
for t h i s r e sea rch were 900 for s e r v i c e t imes and 678 for the time 
between a c c i d e n t s . 
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CHAPTER I I 
LITERATURE SURVEY 
Ambulances 
I t i s g e n e r a l l y accepted t h a t ambulances f i r s t r ece ived wide­
spread use during the Crimean War (1853-1856). These f i r s t v e h i c l e s 
were horse-drawn s u r g i c a l c a r t s which were taken onto the b a t t l e f i e l d . 
Whatever t rea tment the wounded r equ i r ed was adminis te red where they lay 
by surgeons who accompanied t h e c a r t s . The c a r t s were designed by a 
French surgeon, Dominique J . Larrey ( 1 4 ) , and provided the f i e l d p h y s i ­
c ian the equipment necessary for prompt care of the i n j u r e d . I t i s 
i n t e r e s t i n g and s i g n i f i c a n t t o note t h a t the ambulance was f i r s t 
developed to f i l l a m i l i t a r y , r equ i remen t . 
The development of ambulances t o t h e i r p r e s e n t s t a t e c l o s e l y 
p a r a l l e l s t h e development of the automobi le . The use of machine power 
has made i t p o s s i b l e for a veh i c l e t o t r a n s p o r t a p a t i e n t t o a medical 
f a c i l i t y ; and t h i s has not only r e s u l t e d i n a more s a n i t a r y environment 
i n which to t r e a t the p a t i e n t , bu t i t a l s o provides b e t t e r u t i l i z a t i o n 
of medical pe r sonne l . 
During World War I , the ambulance was s t r i c t l y a means of t r a n s ­
p o r t i n g the wounded, and v i r t u a l l y no f i r s t a id was adminis te red by the 
ambulance crew. By World War I I , a l though ambulances had not changed 
a p p r e c i a b l y , s o l d i e r s were r e c e i v i n g f i r s t a id t r a i n i n g and ambulance 
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crews were b e t t e r t r a i n e d in f i r s t a id procedures t h a t could be p e r ­
formed enrou te t o the h o s p i t a l s . 
Today, t he m i l i t a r y makes ex t ens ive use of h e l i c o p t e r s i n the 
evacuat ion of b a t t l e f i e l d c a s u a l t i e s . Emergency t r a n s p o r t a t i o n of 
c i v i l i a n c a s u a l t i e s i s provided by a conglomeration of ambulances run 
by h o s p i t a l s , p r i v a t e companies and fune ra l homes, and in some com­
m u n i t i e s , dual purpose l i g h t t r ucks or s ta t ionwagons a re opera ted by 
p o l i c e or f i r e depar tments , or v o l u n t e e r s . 
Communities, inc lud ing F a i r f a x , V i r g i n i a , C h a r l o t t e , North 
C a r o l i n a , and A t l a n t a , Georgia , use l i g h t duty emergency veh i c l e s as a 
supplement t o e s t a b l i s h e d ambulance s e r v i c e s (14 ) . These v e h i c l e s a r e 
l e s s expensive than ambulances and s a c r i f i c e very l i t t l e in p a t i e n t 
comfort . 
The problems a s s o c i a t e d with r e t a i n i n g q u a l i f i e d pe rsonne l i n 
i ndus t ry a r e shared by ambulance s e r v i c e s . Low wages and p e c u l i a r 
s h i f t work of ten discourage r e s p o n s i b l e , w e l l - t r a i n e d d r i v e r s and 
a t t e n d a n t s , r e s u l t i n g in many ambulances having crews with l i t t l e or 
no medical t r a i n i n g or r e l a t e d expe r i ence . 
Many fune ra l homes have t r a d i t i o n a l l y maintained an ambulance 
p r a c t i c e as a community s e r v i c e but few a re able t o make enough t o pay 
expenses and, consequent ly , s e v e r a l d e s i r e t o t e rmina te t h i s a c t i v i t y 
(14 ) . Their withdrawal i s adding t o the need for a more e f f e c t i v e 
ambulance system. 
The American College of Surgeons has been aware of the problems 
of p a t i e n t t r a n s p o r t a t i o n for some time and i n August, 1966, i s sued the 
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final form of A Model Ordinance Regulating Ambulance Service (1). This 
is a recommended model, or guide for standardizing the quality of 
ambulance service in regard to license standards, equipment, personnel, 
and reports. States, counties and cities are being encouraged to use 
this model in drafting their own ordinances for ambulance service. 
Even as the nation is becoming aware of the need for a higher 
quality ambulance service, increasing traffic congestion on highways 
is retarding the utility of surface ambulances. The seriousness of the 
problem is illustrated by the ambulance service of Grady Memorial 
Hospital in Atlanta, Georgia. In the years 1966, 1967, 1968, Grady 
Hospital answered 15,180, 18,810 and 22,394 calls, respectively (17). 
Of these, approximately 20 per cent were caused by traffic accidents. 
Ambulances will continue to fill an important role in transporting the 
sick and injured to emergency medical facilities; however, the con­
tinual updating of this service is mandatory. A study is under way 
in New York to assign the city's ambulances to "ambulance stands" (8) 
positioned at strategic points throughout the city, thus reducing the 
over-all distance an ambulance must travel in servicing a patient. 
Dual Purpose Vehicles 
Earlier, it was stated that many funeral homes want to terminate 
ambulance service because it is not profitable. It requires effective 
management, and a responsible clientele, for any ambulance service to 
be self supporting. All too often patients cannot or will not pay 
for ambulance service. 
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In an e f f o r t t o supplement e x i s t i n g ambulance s e r v i c e s , and 
provide he lp t o communities not having ambulance s e r v i c e , many s t a t e , 
county , and c i t y o f f i c i a l s have recommended the u t i l i z a t i o n of d u a l -
purpose v e h i c l e s . These v e h i c l e s a r e of ten ass igned t o p o l i c e and 
f i r e departments and a re used on a s e l e c t i v e b a s i s where i t i s suspected 
t h a t an ambulance might be needed. In a review of t r a f f i c a c c i d e n t s 
which occurred in and around A t l a n t a , Georgia , i t was noted t h a t a 
s u b s t a n t i a l number of p a t i e n t s were t r a n s p o r t e d t o the h o s p i t a l by the 
p o l i c e depar tment . This s e rv i ce i s e x c e l l e n t fo r d e l i v e r i n g those 
patients who require medical treatment but have nonser ious i n j u r i e s . 
I t i s seldom t h a t any one type of equipment can perform a dual 
r o l e and do both t a s k s with complete s a t i s f a c t i o n . The dual -purpose 
veh ic l e i s no excep t ion . I t s design al lows i t t o be a good back-up 
v e h i c l e , but i t does not provide the smooth r i d e of an ambulance nor 
i s i t always ready in case of an emergency. 
He l i cop te r s 
The use of h e l i c o p t e r s for medical a s s i s t a n c e can be t r a c e d back 
t o January 3 , 1944. On t h a t day, a t Sandy Hook, New J e r s e y , an exp lo ­
s ion and f i r e swept a United S t a t e s Navy d e s t r o y e r which was be ing 
loaded wi th ammunition. Dozens of men were k i l l e d or i n j u r e d . 
Commander Frank A. Erickson took off w i t h i n minutes from t h e Coast 
Guard Air S t a t i o n a t Brooklyn, New York, i n an e a r l y model Sikorsky 
h e l i c o p t e r . Carrying cases of plasma and medical s u p p l i e s , he flew 
through bad weather but was able t o d e l i v e r h i s cargo which proved 
i n s t rumen ta l i n saving many l i v e s ( 6 ) . 
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The h e l i c o p t e r has become the main Search and Rescue (SAR) 
veh i c l e of the United S t a t e s Coast Guard. I t s a b i l i t y t o p e n e t r a t e 
i n t o o therwise i n a c c e s s i b l e a reas and t o hover above an acc iden t s i t e 
led the way t o the Coast Guard 's d e c i s i o n t o phase out l a r g e seap lanes 
and many of the c o a s t a l l i f e b o a t s t a t i o n s as w e l l . 
During the Korean War (1950-1953) the h e l i c o p t e r became a v i t a l 
t o o l in the l i f e s a v i n g of thousands of American servicemen who were 
wounded. In a l l , over 20,000 se r ious c a s u a l t i e s were t r a n s p o r t e d by 
h e l i c o p t e r during t h a t war ( 6 ) . An important s t a t i s t i c from t h a t war 
i s the mortality rate of 2.5 per cent compared with a rate of 4 .5 per 
cent i n World War I I . The m o r t a l i t y r a t e in the Vietnam War i s 
expected t o be lower than 2 per c e n t . In 1966, t he Army Medical 
Service opera ted 61 h e l i c o p t e r s and accomplished 43,058 e v a c u a t i o n s , 
a i r l i f t i n g 64,488 p a t i e n t s in Vietnam. 
In mid-1968, t h e r e were 38 c i t i e s and governmental agenc ies i n 
the United S t a t e s us ing h e l i c o p t e r s for d ive r se purposes ( 4 ) . These 
inc luded: law enforcement, t r a f f i c c o n t r o l , r i o t c o n t r o l , search and 
r e s c u e , c i t y p l ann ing , a e r i a l photography, ambulance s e r v i c e , f i r e 
f i g h t i n g and VIP t r a n s p o r t a t i o n . 
The f i r s t p r i v a t e ambulance s e r v i c e t o provide h e l i c o p t e r 
t r a n s p o r t a t i o n i s Superior Ambulance Service of Wyandotte, Michigan. 
The h e l i c o p t e r , a Be l l 47J , made a t r i p from Wyandotte t o Dayton, Ohio, 
a d i s t a n c e of 200 m i l e s , and then r e t u r n e d t o Ann Arbor, Michigan, with 
a b r a i n tumor p a t i e n t . The t o t a l f l y i n g t i m e , i n c l u d i n g a fue l s t o p , 
16 
was l i t t l e more than t h r e e h o u r s , a savings of about 90 minutes over 
convent iona l ambulance t r a n s p o r t a t i o n time ( 1 3 ) . 
Chicago has h e l i c o p t e r s ass igned t o i t s f i r e depar tment , whi le 
New York Ci ty and Los Angeles have them ass igned t o t h e i r p o l i c e 
depar tments . Recen t ly , when Chicago was snowed i n , t he use of h e l i ­
cop te r s provided the only means of r a p i d evacuat ion of p a t i e n t s . 
A s tudy , sponsored by the Department of T r a n s p o r t a t i o n , began 
in November, 1967, in Pennsylvania . This s tudy involved the s t a t e ' s 
Highway Department, Po l ice Department, Department of Hea l th , Aero­
n a u t i c s Commission, and the Nat iona l Highway Safety Bureau of the 
Department of T r a n s p o r t a t i o n . The f i r s t phase of the s tudy cons i s t ed 
of ope ra t ing h e l i c o p t e r p a t r o l s about t h r e e hours d a i l y and p rov id ing 
a s tand-by s e r v i c e from 7 A.M. u n t i l 9 P.M. each day t o t r y t o d e t e r ­
mine h e l i c o p t e r c a p a b i l i t i e s in a c i v i l environment with regard t o 
medical evacua t ion . The second phase moved the s e r v i c e from the phase 
one s i t e of Grea te r Ph i l ade lph i a t o Chester County t o provide a r u r a l 
environment under which t o cont inue the study ( 7 ) . 
Another a spec t of h e l i c o p t e r u t i l i z a t i o n i n medical a s s i s t a n c e 
was demonstrated by Dr. Hans-Werner Feder of West Germany ( 6 ) . Using 
funds acquired through donat ions Dr. Feder h i r e d a h e l i c o p t e r and p i l o t 
and spent h i s v a c a t i o n , from August 11 t o September 1 , 1967, responding 
t o 52 p o l i c e c a l l s for ambulances. The t w o - s e a t e r h e l i c o p t e r had a 
180-horsepower a i r c o o l e d engine and could be a i rborne a f t e r a 40-second 
warm-up. I t was the purpose of t h e f l i g h t s t o get medical a t t e n t i o n t o 
the in ju red a t the acc iden t s i t e . Dr. Feder a t t r i b u t e s a t l e a s t one 
l i f e saved t o t h i s t e s t . 
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Some i n t e r e s t i n g f a c t s came from Dr. Fede r ' s s tudy . In 13 cases 
ambulances were on t h e scene before h i s h e l i c o p t e r a r r i v e d . In f ive 
cases a rescue car appeared as he a r r i v e d . In 18 c a s e s , up t o 30 
minutes had e lapsed a f t e r h i s a r r i v a l before an ambulance a r r i v e d . In 
two c a s e s , no ambulance was r e q u i r e d . Po l i ce a r r i v e d before t h e h e l i ­
cop te r 32 t i m e s , a r r i v e d s imul taneously with the h e l i c o p t e r twice and 
a r r i v e d a f t e r t h e h e l i c o p t e r four t i m e s . This may be a t t r i b u t e d t o 
the l a r g e number of p o l i c e v e h i c l e s which c r u i s e t h e s t r e e t s and h igh ­
ways. The e f f e c t of t h i s would be t h a t t h e p o l i c e i n most cases could 
d i r e c t t r a f f i c , thus provid ing for s a f e r ope ra t ion of the h e l i c o p t e r 
on landing and t a k e - o f f . . 
The p r e sen t co s t of purchasing and ope ra t ing h e l i c o p t e r s i s a 
v i t a l d e t e r r e n t t o a g r e a t e r user growth r a t e . A h e l i c o p t e r l a r g e 
enough t o handle two s t r e t c h e r p a t i e n t s and a two-man crew would 
i n i t i a l l y cos t from $95,000 t o $120,000 ( 4 ) . A p o s s i b l e s o l u t i o n t o 
ob ta in ing more h e l i c o p t e r s a t lower cos t for ambulance s e r v i c e l i e s i n 
the even tua l su rp lus of m i l i t a r y h e l i c o p t e r s a t the conc lus ion of 
h o s t i l i t i e s in Vietnam. I f t h e s e h e l i c o p t e r s a r e . se rv iceab le and can 
be loaned, given or sold (a t l e s s than market va lue) t o c i v i l govern­
ments or r e s p o n s i b l e o r g a n i z a t i o n s , a widespread usage may be p o s s i b l e . 
Emergency Medical F a c i l i t i e s 
A t r e n d of c e r t a i n h o s p i t a l s i s t o become community medical 
c e n t e r s . About h a l f of t h e genera l h o s p i t a l s in t h e United S t a t e s have 
o u t p a t i e n t departments which a re f requen t ly organized around s p e c i a l t y 
c l i n i c s and a r e l i m i t e d i n p rov id ing continuous and uniform c a r e . 
18 
Few h o s p i t a l s main ta in a complete emergency s t a f f around the c lock . In 
some c a s e s , no doctor i s a t the h o s p i t a l a t a l l t imes dur ing t h e n igh t 
( 15 ) . For t he se r e a s o n s , and va r ious o t h e r s of s i m i l a r impor tance , 
most me t ropo l i t an a reas have a varying l e v e l of emergency medical 
c a p a b i l i t y with only a few f a c i l i t i e s o f f e r ing cont inuous complete 
s e r v i c e . 
I n t eg ra t ed Emergency System 
The combination of ambulances, dua l purpose v e h i c l e s , h e l i ­
cop te r s and emergency medical f a c i l i t i e s r e q u i r e s c lo se coopera t ion 
and coord ina t ion t o form a good i n t e g r a t e d system. A c e n t r a l c o o r d i ­
na to r would r e s u l t i n t ime saved, fewer d u p l i c a t i o n s of ambulances 
sen t t o acc iden t s i t e s , and the d i s p a t c h i n g of the b e s t - s u i t e d 
v e h i c l e . The veh ic l e could a l s o be d i r e c t e d t o the c l o s e s t h o s p i t a l 
capable a t t h e t ime of p rovid ing t h e necessary a i d . 
T ranspor t a t ion Modeling 
The l i t e r a t u r e p e r t a i n i n g t o p a t i e n t t r a n s p o r t a t i o n i n d i c a t e s 
t h a t l i t t l e has been done toward modeling ambulance sys tems. Only 
r e c e n t l y has t h e na t ion taken a n o t i c e a b l e i n t e r e s t i n upgrading 
ambulance s e r v i c e . This p lus a lack of funds a re probably the a t t r i b u ­
t a b l e f ac to r s for t h e lack of r e s e a r c h . The Nat iona l Highway Safety 
Bureau of the United S t a t e s Department of T r a n s p o r t a t i o n i s making 
funds a v a i l a b l e t o c i t i e s and s t a t e s i n an e f f o r t t o upgrade emergency 
t r a n s p o r t a t i o n systems by s t u d i e s and t e s t p r o j e c t s , and by supp le ­
menting l o c a l funds for the purchase of equipment. 
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CHAPTER I I I 
SYSTEM CHARACTERISTICS 
The system t o be s imulated i n t h i s r e sea r ch i s composed of 
ambulances, h e l i c o p t e r s , h o s p i t a l s and p a t i e n t s . This i s a t r a n s p o r ­
t a t i o n problem where p a t i e n t s a t var ious p l aces r e q u i r e t r a n s p o r t a t i o n 
t o o ther l o c a t i o n s , using one of t h e v e h i c l e s in the system. To com­
p l i c a t e the problem, the d i s t a n c e t o be t r a v e l l e d may change from one 
p a t i e n t t o t h e nex t ; weather cond i t ions or maintenance may l i m i t the 
usefu lness of a mode of t r a n s p o r t a t i o n ; schedul ing of crews d i c t a t e s 
the number of veh ic les i n s e r v i c e a t any given t ime ; and f i n a l l y , t he 
number of p a t i e n t s may f l u c t u a t e from one hour t o t he next or with a 
change in the weather . This chapte r p r e sen t s the i n t e r a c t i o n between 
t he se complex components and the r a t i o n a l e used i n c o n s t r u c t i n g a 
computer model t o s imula te t he system. 
For the purpose of s i m u l a t i o n , dual-purpose v e h i c l e s and 
ambulances w i l l be c a l l e d ambulances. They both have room for two 
s t r e t c h e r p a t i e n t s and a re equa l ly a f f ec t ed by weather and t r a f f i c . 
A l l v e h i c l e s have a minimum time of s e r v i c e d i c t a t e d by t h e type 
veh ic l e and t h e c h a r a c t e r i s t i c s of t h e area i n which they o p e r a t e . To 
t h i s minimum time must be added any de lays caused by the d r i v e r , 
t r a f f i c , weather and p a t i e n t r e a d i n e s s . 
T ra f f i c i s mainly a function of the time of day. During the 
rush h o u r s , s t r e e t s may become heav i ly congested, making p rogress 
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cons iderab ly slower for an ambulance. Unfor tuna te ly , the occurrence 
of most a cc iden t s i s a l s o the t ime of most t r a f f i c . Home acc iden t s 
a l s o inc rease as do t h e number of i n j u r i e s a s s o c i a t e d with arguments 
and a l c o h o l i c consumption. The l a t e af ternoon and evening a re t he 
most demanding on the ambulance s e r v i c e . Figure 2 shows t h e d i s t r i b u ­
t i o n of c a l l s answered by Grady Memorial Hospi ta l i n 1968. 
The e f f e c t of weather on t r a f f i c acc iden t s i s g r e a t e s t 
immediately following an adverse change i n the weather . Dr ivers must 
ad ju s t t o t he sur face cond i t i on of t h e road and t o any change i n 
visibility. I f a road becomes wet , t h e immediate condition i s a very 
s l i c k sur face brought about by the water and d i r t on t h e s u r f a c e . As 
more water wets t h e surface the d i r t i s washed away, t hus p rov id ing a 
s l i g h t l y improved, but s t i l l hazardous , c o n d i t i o n . Ambulance response 
i s not severe ly hampered except by the most adverse wea the r , such as 
heavy d u s t , fog, r a i n and snow, where v i s i b i l i t y i s g r e a t l y reduced . 
Where i ce and snow a re common, p rov i s ions a re made t o reduce t h e e f f e c t 
by equipping t h e v e h i c l e s with e i t h e r snow t i r e s or c h a i n s . Seldom i s 
an ambulance completely stopped because of weather , bu t t h i s can happen 
i n snow storms or very heavy fog. Since the chance of a l l ambulances 
being stopped i s extremely sma l l , t h i s p e c u l i a r case w i l l be omit ted 
from t h e system. 
The r e a d i n e s s of the p a t i e n t upon ambulance a r r i v a l was s tud ied 
in the Boston me t ropo l i t an a rea (20) and the r e s u l t s of t h a t s tudy w i l l 
be used for p r e d i c t i n g p a t i e n t delay in t h i s r e s e a r c h . A summary of 
p e r t i n e n t r e s u l t s from t h a t study i s included in Appendix A. No o the r 
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Figure 2. Ambulance Crews Scheduled and Occurrence of Accidents 
[Data obta ined from Grady Memorial H o s p i t a l ' s 1968 Records] 
K> 
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Dr ivers d i f f e r i n t h e i r a b i l i t y t o maneuver i n t r a f f i c and i n 
t h e i r eva lua t ion of t he n e c e s s i t y for speed. Since the d i f f e r ences i n 
d r i v e r s a re not in tended t o be a p a r t of t h i s s t udy , these d i f f e r e n c e s 
w i l l be considered only as an i n d i s t i n g u i s h a b l e p a r t of t he v a r i a t i o n 
in s e r v i c e t ime . 
In t h e normal opera t ion of su r face v e h i c l e s , a c e r t a i n number 
of v e h i c l e s i s ass igned t o a base l o c a t i o n with a d i s p a t c h e r t o monitor 
c a l l s . In a me t ropo l i t an a r e a , some ambulance u n i t s may be ass igned t o 
one or more h o s p i t a l s , while o the r s a r e run by prof i t -making companies 
or v o l u n t e e r s . The dual -purpose v e h i c l e s may a l s o be operated by 
v o l u n t e e r s , po l i c e or f i r e depar tments . For the system, t hese ambulance 
bases a r e defined as p o i n t s wi th in the area from which sur face v e h i c l e s 
a r e d i spa tched and t o which the v e h i c l e s r e t u r n a t the completion of 
t h e i r c a l l s . These p o i n t s may be pos i t i oned a t h o s p i t a l s or o t h e r 
l o c a t i o n s throughout the a r e a . 
He l i cop te r s a r e p r e s e n t l y being produced and a d v e r t i s e d f o r use 
in evacuat ing p a t i e n t s . The h e l i c o p t e r c h a r a c t e r i s t i c s assumed fo r 
t h i s s tudy a r e e a s i l y a t t a i n a b l e by commerc ia l ly -ava i lab le h e l i c o p t e r s . 
These c h a r a c t e r i s t i c s a r e : 
1 . Carry a crew c o n s i s t i n g of a p i l o t and a medic. 
2 . Carry two s t r e t c h e r p a t i e n t s i n t e r n a l l y . 
3 . Afford room for the medic t o a t t e n d the p a t i e n t s . 
4 . Carry a t l e a s t the minimum recommended emergency equipment 
as suggested by the American College of Surgeons ( 1 ) . 
5 . Cru i se a t a minimum speed of 100 miles per hour . 
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6. Be small enough t o land and take off from expressways. 
An average r o t o r diameter for h e l i c o p t e r s having these cha rac ­
t e r i s t i c s i s about 34 f e e t , and the d i s t a n c e above the ground fo r the 
h o r i z o n t a l r o t o r i s e igh t t o t e n f e e t . I t i s assumed t h a t h e l i c o p t e r s 
can s e r v i c e nea r ly a l l freeway acc iden t s and can provide a pickup 
s e r v i c e t o s e l e c t e d s i t e s throughout a me t ropo l i t an a r e a . 
He l icop te r ope ra t ions a r e a l s o hampered by bad weather . Good 
v i s i b i l i t y i s e s s e n t i a l t o low- leve l ope ra t ion and l and ing . Navigat ion 
in bad weather can be accomplished by use of VHF, UHF, or i f n e c e s s a r y , 
HF r a d i o s , thus making i t p o s s i b l e t o f ly i n or above low c louds ; but 
for l a n d i n g s , the cloud c e i l i n g should be a t l e a s t 500 f e e t and v i s i ­
b i l i t y 0.5 m i l e s . These requirements would al low t h e p i l o t t o land h i s 
c r a f t under v i s u a l c o n d i t i o n s . I f t h e s e cond i t i ons are not met, i t i s 
assumed t h a t no h e l i c o p t e r would be launched. 
I t i s f u r t h e r assumed t h a t one l o c a t i o n a c t s as a home base for 
a l l h e l i c o p t e r s in the system, bu t t h a t h e l i c o p t e r s can land a t any 
of t he h o s p i t a l s i n the system. 
The emergency medical f a c i l i t i e s i n a me t ropo l i t an a rea may be 
confined t o one or two h o s p i t a l s or they may be spread throughout t he 
a r e a . Some f a c i l i t i e s can handle a l l types of emergencies , while 
o the r s may s p e c i a l i z e . Some f a c i l i t i e s are opera ted 24 hours a day, 
seven days a week, while o the r s may only opera te p a r t of t h e day. The 
d e f i n i t i o n of a h o s p i t a l for t h i s r e sea rch i s a medical f a c i l i t y o f f e r ­
ing emergency t r ea tment 24 hours a day for a l l p a t i e n t s . The only 
important r e s t r i c t i o n t h i s p l a c e s on t h e system i s t h a t only those 
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emergencies r e q u i r i n g a s s i s t a n c e from one of t h e h o s p i t a l s j u s t 
descr ibed p lays a p a r t i n the system. I f a f a c i l i t y o f fe r s a l i m i t e d 
emergency s e r v i c e , i t i s not included i n the system. 
The c a l l s r ece ived by h o s p i t a l s and ambulance s e r v i c e s a re not 
a l l emergencies . I t has been es t imated t h a t only 35 per cent of the 
c a l l s a r e considered emergencies by the medical a t t e n d a n t s ( 9 ) . A 
d i s p a t c h e r must decide on the na ture of the c a l l and the app rop r i a t e 
v e h i c l e t o send based only on the information he r e c e i v e s over t h e 
phone or r a d i o and h i s knowledge of the t e r r a i n and weather . By e s t a b ­
l i s h i n g t h e r u l e t h a t a l l highway a c c i d e n t s w i l l be s e r v i c e d by h e l i -
cop te r and by des igna t ing p a r t i c u l a r s i t e s throughout t h e a rea as the 
only o the r h e l i c o p t e r pickup p o i n t s , t he d i s p a t c h e r ' s problem can be 
made somewhat e a s i e r . 
The Computer Model 
This s ec t i on p r e s e n t s a gene ra l exp lana t ion of the func t ions 
performed by each of t he computer model p a r t s and how they a re r e l a t e d ' 
t o t he r e a l system. The a c t u a l GPSS I I block diagram and a p r i n t o u t 
of t he computer program i s included in Appendix B. 
The computer model can be d iv ided i n t o s i x p a r t s as seen in 
Figure 3 . The key t o t h e model i s the Time Keeping s e c t i o n . Time i s 
an en t ry in determining weather , v e h i c l e schedul ing and t h e acc iden t 
r a t e . The model i s designed t o increment coun te r s every t e n time u n i t s 
where one t ime u n i t r e p r e s e n t s one minute . The Counters keep t r ack of 
minutes , h o u r s , days , months and y e a r s . P rov i s ions a re made t o al low 
the r e s e a r c h e r t he freedom of i n i t i a l i z i n g the system with the 
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p a r t i c u l a r month and year he wishes to s t u d y . I t i s a l s o p o s s i b l e t o 
s tudy a p a r t i c u l a r segment of consecut ive y e a r s , such as t he f i r s t week 
in Apr i l f o r t he yea r s 1970, 1971 and 1972. 
The Weather s e c t i o n provides the weather cond i t ion necessary as 
one determinant of t he type v e h i c l e t o a s s ign a p a t i e n t and the expected 
acc iden t r a t e . The weather cond i t ion i s determined from p r o b a b i l i t y 
funct ions for each of t he months. The da ta r e q u i r e d fo r t he se func t ions 
was obta ined from the me t ropo l i t an a rea weather summaries (10) pub l i shed 
by the United S t a t e s Weather Bureau. The du ra t ion of each type of 
weather was assumed t o be exponen t i a l ly d i s t r i b u t e d with the mean t ime 
for each type being taken from the weather d a t a . The weather cond i t i on 
p r e v a i l s for the p r e sc r i bed dura t ion and i s then r e d e f i n e d . By us ing 
.12 funct ions t o desc r ibe the 12 months, a r e a l i s t i c d i s t r i b u t i o n of 
weather types was developed. 
The Vehicle Scheduling s e c t i o n determines the number and type of 
v e h i c l e s a v a i l a b l e t o the system. This i s accomplished by "ho ld ing" 
a l l excess v e h i c l e s , t hus p reven t ing t h e i r use i n s e r v i c i n g c a l l s . 
Groups of v e h i c l e s a r e ass igned t o p a r t i c u l a r l o c a t i o n s i n t he 
a rea being s imula ted . A "group" of veh i c l e s c o n s i s t s of seven ambu­
lances or f ive h e l i c o p t e r s . I f the r e s e a r c h e r d e s i r e s t o a s s ign a 
l o c a t i o n , t en ambulances and two h e l i c o p t e r s , two groups of ambulances 
and one group of h e l i c o p t e r s would be ass igned t o t h a t l o c a t i o n . The 
four e x t r a ambulances and the t h r e e e x t r a h e l i c o p t e r s are then removed 
from s e r v i c e fo r the s i m u l a t i o n , g iv ing the system the use of t h e 
des i r ed v e h i c l e s . This somewhat awkward procedure was n e c e s s i t a t e d by 
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t h e length of s ta tements accepted by the computer using the GPSS I I 
language. 
The next t a sk of t h i s s e c t i o n i s t o make v e h i c l e s a v a i l a b l e in 
the same q u a n t i t y as the crews who man them (Figure 2 ) . By p u t t i n g the 
a p p r o p r i a t e schedul ing e n t r i e s i n t o a f u n c t i o n , the number of v e h i c l e s 
i n excess of the number of crews scheduled were removed from s e r v i c e 
u n t i l the time of day when the funct ion i n d i c a t e d they should be p laced 
in s e r v i c e . 
The t h i r d t a sk performed by the Vehicle Scheduling s e c t i o n i s 
to remove a l l helicopters from service i n extremely bad weather. It 
would a l s o be p o s s i b l e t o remove a l l ambulances with minor changes t o 
the program, but as p rev ious ly s t a t e d , i t was decided not t o include 
t h i s r a r e c o n d i t i o n . 
The Accident Generat ion s e c t i o n i s dependent on t h e Time Keeping 
and Weather s e c t i o n s , as we l l as a f o r e c a s t of a cc iden t s for t h e simu­
l a t e d a r e a . Although t h e r e a re s e v e r a l f o r e c a s t i n g t echn iques a v a i l ­
a b l e , the one chosen i s descr ibed i n Appendix C, and i t u t i l i z e s t h e 
t h r e e - f a c t o r exponen t ia l smoothing arid f o r e c a s t i n g ^technique. This 
method t a k e s i n t o account seasona l changes and t r e n d s , and can be 
e a s i l y updated when new da ta become a v a i l a b l e . 
The f o r e c a s t i s for a l l the acc iden t s i n the month under s tudy . 
The f i g u r e i s d iv ided by 30 t o find the d a i l y r a t e which i s then m u l t i ­
p l i e d by a f a c t o r t o account for the time of day and t h e weather cond i ­
t i o n t o determine an adjus ted d a i l y r a t e . By d iv id ing t h i s f i gu re i n t o 
1440, the number of minutes i n a day, the mean time between a c c i d e n t s 
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i s e s t a b l i s h e d . The acc iden t r a t e i s updated every t e n minutes t o 
c o r r e c t i t for t h e t ime of day and the e x i s t i n g weather c o n d i t i o n . 
The d i s t r i b u t i o n of Time Between Accidents taken from h o s p i t a l 
r ecords c lo se ly approximated a nega t ive exponen t i a l d i s t r i b u t i o n as 
seen i n Figure 4 . The nega t ive exponen t i a l d i s t r i b u t i o n was t h e r e ­
fore used in the model t o determine acc iden t t i m e s . 
For each a c c i d e n t , the fol lowing c h a r a c t e r i s t i c s a r e determined: 
1 . Hosp i ta l t o r e c e i v e p a t i e n t . 
2 . Recommended mode of t r a n s p o r t a t i o n . 
3 . Number of vehicles required. 
4. Distance t h a t veh i c l e must t r a v e l . 
The h o s p i t a l s e l e c t i o n i s based on the cumulative d i s t r i b u t i o n of c a l l s 
for a l l the h o s p i t a l s i n the system. 
The mode of t r a n s p o r t a t i o n i s randomly s e l e c t e d based on a 
p r o b a b i l i t y d i s t r i b u t i o n for the fol lowing t h r e e modes of t r a n s p o r t a ­
t i o n : 
I . Helicopter/Ambulance 
I I . Ambulance/Helicopter 
I I I . Ambulance only . 
In t he f i r s t two modes, a secondary means of t r a n s p o r t a t i o n i s 
l i s t e d , thus provid ing a backup i f t he f i r s t type veh ic l e i s not a v a i l ­
a b l e . The t h i r d mode provides t r a n s p o r t a t i o n for a l l p a t i e n t s where 
time i s not c r i t i c a l or h e l i c o p t e r usage i s not f e a s i b l e . 
For t h e most p a r t , the number of v e h i c l e s r e q u i r e d would be one 
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Figure 4 . Time Between Accidents 
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a re common, t he r e s e a r c h e r can e s t a b l i s h the p r o b a b i l i t y for more than 
one v e h i c l e being r e q u i r e d . 
The d i s t a n c e between the h o s p i t a l and the p a t i e n t can be e s t a b ­
l i shed from ambulance records by p l o t t i n g the acc iden t l o c a t i o n s . For 
t h i s r e sea rch the d i s t a n c e s were assumed t o conform t o a nega t ive 
exponen t i a l d i s t r i b u t i o n with a mean d i s t a n c e of t h r ee m i l e s . This 
was not an a r b i t r a r y cho ice . The d i s t r i b u t i o n of acc iden t s for the 
Boston me t ropo l i t an a rea (20) was f i r s t t r i e d , bu t i t did not give an 
accep tab le d i s t r i b u t i o n of s e r v i c e t i m e s . A normal d i s t r i b u t i o n was 
a l s o t r i e d with the same r e s u l t s . The nega t ive exponen t i a l d i s t r i b u t i o n 
was then t r i e d and found t o be s a t i s f a c t o r y . 
In the Vehicle Assignment and Service s e c t i o n the procedure fo r 
a s s ign ing veh ic l e s i s based on ranking the v e h i c l e base l o c a t i o n p o i n t s 
for each h o s p i t a l . I f t he recommended mode i s one , the h e l i c o p t e r s 
a re checked t o see i f one i s a v a i l a b l e . I f they are a l l being u t i l i z e d , 
t he f i r s t through the l a s t ambulance . loca t ions are checked t o f ind 
an a v a i l a b l e v e h i c l e . For mode t h r e e the same procedure i s followed 
except for t h e check on the h e l i c o p t e r s . Mode two r e q u i r e s t h a t t he 
primary ambulance l o c a t i o n be checked f i r s t ; then the h e l i c o p t e r s ; and 
f i n a l l y , s e q u e n t i a l checking of a l l o the r ambulance l o c a t i o n s . 
Service t imes a re computed on the b a s i s of the minimum time fo r 
the v e h i c l e t o cover the t o t a l d i s t ance t o the acc iden t and then t o 
t h e h o s p i t a l p lus d e l a y s . The t r a v e l delay was computed by mu l t i p ly ing 
the minimum time by a f ac to r t o compensate for t ime of day and weather . 
The p a t i e n t r e a d i n e s s delay was based on the Boston da ta i n Appendix A. 
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This y i e l d s a r e a l i z a t i o n of the time an ambulance i s r e q u i r e d t o wai t 
upon reach ing t he s i t e of the p a t i e n t . 
The Maintenance sec t ion i s considered p e r t i n e n t only t o the 
h e l i c o p t e r s , . I t i s assumed t h a t a l l maintenance can be performed on 
the ambulances while they a re not on c a l l . I t i s a l s o assumed t h a t 
a l l minor h e l i c o p t e r r e p a i r s can be made during the slack per iods of 
emergency c a l l s , thus l eav ing only major overhauls t o contend w i t h . 
These a re handled by keeping t r ack of the hours logged by each h e l i ­
cop te r and a t the app rop r i a t e time ( a f t e r a p a t i e n t has a r r i v e d a t a 
hospital) the helicopter is removed from service fo r maintenance. The 
maintenance time i s somewhat a r b i t r a r y s ince i t would depend on the 
type h e l i c o p t e r and the a v a i l a b i l i t y of mechanics and p a r t s . The t ime 
used in the model was made up of two p a r t s : a cons tan t minimum time 
of t h r e e days and a v a r i a b l e delay exponen t i a l l y d i s t r i b u t e d with a 
mean t ime of t h r e e days . Using t h i s p rocedure , t h e mean maintenance 
t ime for overhaul was s i x days . 
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CHAPTER IV 
MODEL VALIDATION AND EXPERIMENTS 
The v a l i d a t i o n of the model was based on the a b i l i t y of the 
computer program t o genera te data s i m i l a r t o a c t u a l computer da ta for 
the fol lowing d i s t r i b u t i o n s : 
1 . Ambulance Service Times. 
2 . Time Between Acc iden t s . 
The a rea being s imulated for t he model v a l i d a t i o n was t h a t p a r t 
of A t l a n t a , Georgia , s e rv iced by ambulances from Grady Memorial 
H o s p i t a l . Bas i ca l ly t h i s i s the e n t i r e me t ropo l i t an a r ea c o n s i s t i n g 
of f ive c o u n t i e s . Backup s e r v i c e i s provided by p r i v a t e companies to 
handle any c a l l s above the c a p a b i l i t y of the h o s p i t a l ' s ambulance 
s e r v i c e . The va lues used in the model fo r the v a l i d a t i o n a re given in 
Appendix B in the computer model p r i n t o u t . 
The d i s t r i b u t i o n of s e r v i c e t imes from the h o s p i t a l r e co rds was 
f i r s t eva lua ted t o determine how wel l i t could be approximated by a 
gamma d i s t r i b u t i o n (Figure 5 ) . The t h e o r e t i c a l gamma d i s t r i b u t i o n da ta 
given i n Table 1 were obta ined from Pea r son ' s "Tables of the Incomplete 
Gamma Func t ions" ( 1 6 ) . The d i s t r i b u t i o n of the computer data i s a l s o 
given i n Table 1 , t hus g iv ing the comparison of t he da ta from the t h r e e 
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D i s t r i b u t i o n s 
V F »VJ'« D V* V 
F A * 
D DD,T V 
1 8 .009 4 .004 0 .000 .005 .009 
2 41 .055 38 .047 47 .051 .008 .004 CO 70 .133 97 .155 134 .195 .022 .062 
4 147 .296 137 .308 150 .356 .012 .060 
5 132 .443 148 .473 134 .500 .030 .057 
6 143 .603 134 .621 119 .628 .018 .025 
7 95 .708 10 8 .743 105 .741 .0 35 .033 
8 70 .786 78 .830 52 .797 .044 .011 CD 60 .853 56 .892 43 .844 .039 .009 
10 40 .898 40 .934 10 .854 .036 .044 
11 26 .927 25 .960 32 .890 .033 .037 
12 24 .953 20 .976 7 .897 .023 .056 
13 13 .968 10 .986 16 .915 .018 .053 
14 14 .983 7 .992 14 .930 .009 .053 
15 5 .989 3 .996 13 .944 .007 .045 
16 4 .994 2 .997 4 .948 .003 .046 
17 4 .998 1 .998 3 .951 .000 .047 
18 2 .999 1 .999 11 .963 .000 .036 
19 1 .999 1 .999 2 .965 .000 .034 
20 1 1.000 1 1.000 2 .967 .000 .033 
Frequency of c a l l s . 
Cumulative d i s t r i b u t i o n of c a l l s . 
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I t i s un l ike ly t h a t two d i s t r i b u t i o n s developed by d i f f e r e n t 
means would have a l l p o i n t s i d e n t i c a l . I t i s n e c e s s a r y , however, for 
the d i s t r i b u t i o n from the s imula t ion experiment t o conform c l o s e l y t o 
the observed s e r v i c e t ime d i s t r i b u t i o n . The Kolmogorov-Smirnov 
goodnes s -o f - f i t t e s t was used t o t e s t the hypo thes i s of d i s t r i b u t i o n 
conformity. The t e s t i s based on comparing the maximum d i f f e rence 
between two cumulative d i s t r i b u t i o n t o the accep tab le d e v i a t i o n l i m i t 
numbers of elements in the two samples on which t h e d i s t r i b u t i o n s a re 
based . For a s i g n i f i c a n c e l e v e l of 0 . 0 5 , L = 1.36. I f t he maximum 
d i f f e r ence i s g r e a t e r than the l i m i t , t he hypo thes i s of d i s t r i b u t i o n 
conformity i s r e j e c t e d . To determine how wel l t he d i s t r i b u t i o n of 
s e r v i c e t imes f i t s the gamma d i s t r i b u t i o n t h e fol lowing accep tab le 
d e v i a t i o n was determined. 
Since the maximum d i f f e rence between the cumulative d i s t r i b u t i o n s based 
on the h o s p i t a l da ta and the t h e o r e t i c a l d i s t r i b u t i o n i s l e s s than 
.0642, t he hypo thes i s of d i s t r i b u t i o n conformity i s not r e j e c t e d . The 
same t e s t was performed with the d i s t r i b u t i o n from the computer model 
and the a c t u a l h o s p i t a l da ta d i s t r i b u t i o n . Since the maximum d i f f e r ence 
where L i s the s i g n i f i c a n c e l e v e l f a c t o r ('3) and N and N are the 
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between the curves was .0620, the hypo thes i s of d i s t r i b u t i o n conformity 
was again not r e j e c t e d . 
Although the Kolmogorov-Smirnov t e s t was designed t o be used 
with ranked s e r i a l d a t a , l i t t l e e r r o r i s i n t r o d u c e d - i f i t i s employed 
with grouped da ta so long as the sample s i z e s are l a rge ( 3 , 1 1 , 1 8 ) . 
The Chi-Square goodnes s -o f - f i t t e s t was t r i e d , but i r r e g u l a r i t i e s in 
the h o s p i t a l da ta made t h i s t e s t too c r i t i c a l for the s e r v i c e time 
d i s t r i b u t i o n . 
The d i s t r i b u t i o n of t ime between c a l l s (Figure 4 , Chapter I I I ) 
was first tested for conformity to a negative exponential distribution. 
Using t he equat ion 
F ( t ) - 1 - e 
where A = 1/X and X = 19.86 minu tes , the t h e o r e t i c a l cumulative d i s ­
t r i b u t i o n was c a l c u l a t e d (Table 2 ) . The accep tab le d e v i a t i o n for a 
s i g n i f i c a n c e l e v e l of 0.05 i s 
/676 + 676 _ 
• 3 6 V (676)(676) " * ° 7 4 0 
Since the maximum d i f fe rence between the cumulative d i s t r i b u t i o n of t he 
h o s p i t a l da ta and t h e t h e o r e t i c a l d i s t r i b u t i o n i s only .034, the hypo­
t h e s i s of d i s t r i b u t i o n conformity was not r e j e c t e d . The computer da ta 
was a l s o wi th in the accepted l i m i t s with a maximum d i f f e r ence of .057 . 
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D i s t r i b u t i o n s 
V D T F T fc* 
TP itii 
C DD,T DD,C 
1 172 .254 138 .200 160 .230 .024 .024 
2 95 .394 109 .360 103 .378 .034 .016 
CO
 76 .506 88 .488 75 .485 .018 .021 
4 75 .617 71 .591 78 .599 .026 .018 
5 53 .695 55 .672 53 .674 .023 .021 
6 49 .767 45 .738 43 .736 .029 .031 
7 33 .816 38 .791 38 .797 .025 .019 
8 34 .866 28 .833 20 .826 .033 .040 
9 20 .895 23 .866 17 .852 .029 .043 
10 20 .925 19 .893 11 .868 .032 .057 
1 1 . 10 .940 12 .914 14 .889 .026 .051 
12 11 .956 10 .932 8 .900 .024 .256 
13 8 .968 8 .945 10 .914 .023 .054 
14 5 .975 7 .956 8 .931 .019 .044 
15 2 .978 6 .965 10 .947 .013 .031 
16 4 .984 4 .972 6 .955 .012 .029 
17 4 .990 4. .977 11 .963 .013 .027 
18 6 .999 4 .982 4 .968 .017 .031 
19 1 1.000 3 .986 3 .973 .014 .027 
Frequency of c a l l s . 
Cumulative d i s t r i b u t i o n of c a l l s . 
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Forecas t ing 
The model con ta ins a f o r e c a s t i n g procedure for updat ing the 
acc iden t r a t e for the p a r t i c u l a r month and year being s t u d i e d . To 
demonstrate t h i s p rocedure , the model was run t o s imula te a f ive-day 
per iod in January , A p r i l , J u l y , and October , 1970. The model was run 
t o s imula te f i ve days in J a n u a r y j 1971 and January , 1972. The monthly 
f o r e c a s t s a re always obta ined and p r i n t e d o u t . The r e s u l t i n g monthly 
r a t e s are shown in Figure 6 . Only t h e Ambulances were s imula ted i n t h i s 
experiment s ince the primary o b j e c t i v e was t o v a l i d a t e t he f o r e c a s t i n g 
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Figure 6 . Computer-Forecasted Accidents 
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The r e s u l t s of the computer run were e a s i l y s u b s t a n t i a t e d using the 
formula 
F t + T = ( X t + T G t ) S ( t + T _ t ) 
which i s the b a s i s of the model ' s procedure as d i scussed i n Appendix B 
where X i s the average r a t e taken from e x i s t i n g d a t a ; T i s the number 
of t h e per iod be ing f o r e c a s t ; G i s the 5 average t r e n d ; and S i s t he 
seasona l e f f e c t . For January , 1970, T = 25 , = 1683, = 25 and 
S / o , OI.A = -890. This y i e l d s F, = (1683+25 2 )( .890 ) = 2054 which 
agrees with the computer o u t p u t . 
Seasonal F luc tua t ions 
Service t imes f l u c t u a t e as a r e s u l t of weather c o n d i t i o n s . The 
e f f e c t of weather can be shown by comparing t h e mean s e r v i c e t imes for 
d i f f e r e n t t imes of the y e a r . Since no queues a re allowed t o b u i l d up 
in the system, the seasona l e f f e c t on the acc iden t r a t e does not a f f e c t 
t he s e r v i c e t i m e s . The change in s e r v i c e t ime i s t h e r e f o r e a r e f l e c t i o n 
of t he weather e f f e c t . The months of January , A p r i l , Ju ly and October 
of 1970 were s imulated and the r e s u l t i n g mean se rv i ce t imes a re shown 
i n Figure 7 . The lack of r a d i c a l changes in s e r v i c e t imes agree with 
the r e l a t i v e l y mild weather i n t he A t l an t a a r e a . The advantage of 
adding a h e l i c o p t e r t o t he system i s nea r ly uniform for a l l seasons i n 
the A t l an t a a r e a ; however, a s l i g h t v a r i a t i o n was shown over the four 
t e s t p e r i o d s . The f ive-day pe r iod for each season i s too s h o r t for a 
conclus ive s ta tement on the seasona l e f f e c t s . 
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Figure 7. Seasonal Effec t on Service Times 
41 
System Inc luding Two Hel icop te r s 
To determine the e f f e c t of having more than one h e l i c o p t e r in 
the system, a second h e l i c o p t e r was added. The number of r e q u e s t s for 
h e l i c o p t e r s was not changed. The d i s t r i b u t i o n among modes was 30 per 
cent mode I , 40 per cent mode I I and 30 per cent mode I I I . The e f f e c t 
on mean s e r v i c e time was a decrease from 24.74 minutes t o 23.02 minutes . 
The percentage of c a l l s answered by h e l i c o p t e r ro se from 29.0 t o 3 3 . 2 . 
With only one h e l i c o p t e r in t he system, the h e l i c o p t e r was u t i l i z e d 
15 .11 per cen t of the t i m e . The a d d i t i o n of the second h e l i c o p t e r 
r e s u l t e d in one helicopter being u t i l i z e d 15.03 per cent while the 
second c r a f t was u t i l i z e d only 3.02 per c e n t . Since the advantages 
gained by adding a second h e l i c o p t e r appeared t o be s m a l l , no computer 
runs were made with a d d i t i o n a l h e l i c o p t e r s . 
He l i cop te r U t i l i z a t i o n 
Three l e v e l s of mode I c a l l s were t e s t e d t o determine the e f f e c t 
on the h e l i c o p t e r u t i l i z a t i o n . The l e v e l s were 10, 30 and 50 per c e n t . 
The l e v e l of mode I I c a l l s remained cons tan t a t 40 per cent fo r t h e 
t h r e e r u n s . The e f f e c t on the system can be seen in Table 3 . 
Table 3 . He l i cop te r U t i l i z a t i o n 
RUN 
1 2 3 
Mode I C a l l s (%) 10.00 30.00 50.00 
Mode I I Ca l l s (%) 40.00 40.00 40.00 
Mode I I I C a l l s (%) 50.00 30.00 10.00 
He l i cop te r U t i l i z a t i o n (%) 9.06 20.18 27.88 
C a l l s Answered by He l i cop te r (%) 12.00 27.30 37.80 
Mean Service Time (Minutes) 24.74 23.59 18.90 
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By a l lowing a g r e a t e r number of c a l l s t o be s e rv i ced by h e l i c o p t e r , a 
d e f i n i t e advantage was r e a l i z e d on the mean s e r v i c e t i m e . The s i n g l e 
h e l i c o p t e r could not provide s e rv i ce fo r a l l mode I c a l l s al though i t s 
u t i l i z a t i o n was reasonably low (27.88 per cent fo r the h i g h e s t l e v e l 
of mode I c a l l s ) . The main f a c t o r c o n t r i b u t i n g t o t h i s was the uneven 
d i s t r i b u t i o n of acc iden t s throughout t he day. The time between c a l l s 
during the heavy t r a f f i c hours was too sho r t t o al low one h e l i c o p t e r t o 
s e r v i c e one c a l l before the next c a l l was r e c e i v e d ; t h e r e f o r e ambulances 
were d ispa tched when needed t o provide immediate response t o a l l c a l l s . 
Enlarg ing the System 
The computer model was designed t o func t ion with one or more 
h o s p i t a l s and one or more veh i c l e groups . To determine the e f f e c t of 
en l a rg ing the system, a second h o s p i t a l was added a t a p o i n t four mi les 
away from t h e f i r s t h o s p i t a l and an a d d i t i o n a l ambulance group was 
added a t a t h i r d po in t as seen in Figure 9 . Ambulances from e i t h e r 
po in t one or po in t t h r e e were allowed t o s e rv i ce c a l l s for e i t h e r 
h o s p i t a l ; however, the ambulance group ass igned t o the h o s p i t a l a t 
po in t one ac ted as the primary s e r v i c e for t h a t p o i n t and the ambulance 
group at / po in t t h r e e ac ted as the primary s e r v i c e for the h o s p i t a l a t 
po in t two. The acc iden t r a t e fo r t h i s experiment was inc reased 50 pe r 
cent over previous r u n s . The h o s p i t a l a t po in t two was then des igna ted 
t o randomly r e c e i v e 33 per cent of a l l c a l l s . 
The e f f e c t on the o v e r - a l l mean s e r v i c e t ime fo r t he system was 
v i r t u a l l y unchanged a t 30.34 minutes ; however, when a h e l i c o p t e r was 
added t o the system ope ra t i ng from po in t one bu t answering c a l l s for 
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both h o s p i t a l s , the mean s e r v i c e time was 26.50 compared t o 24.74 fo r 
t h e one h o s p i t a l system. With the s t i p u l a t i o n t h a t s e r v i c e must be 
provided t o the des igna ted h o s p i t a l and not t o the c l o s e s t h o s p i t a l , 
t he h e l i c o p t e r had a minimum d i s t ance of four mi les t o t r a v e l for a l l 
c a l l s t o the second h o s p i t a l . Since the average d i s t ance fo r s e r v i c e 
provided by the h e l i c o p t e r i n c r e a s e d , the o v e r - a l l mean s e r v i c e t ime 
a l s o i n c r e a s e d . 
POINT 2 - Hosp i ta l Only 
POINT 3 - Ambulance Only 
Figure 8. Layout of Service Po in t s for Expanded System 
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CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 
The Computer Simulat ion 
The r e s u l t s of the computer s imula t ion fo r the Grady Memorial 
Hosp i t a l ambulance s e r v i c e s a t i s f i e d the requi rements of t he Kolmogorov-
Smirnov t e s t for the d i s t r i b u t i o n s of time between acc iden t s and s e r v i c e 
t i m e s . The l a rge samples of da ta va lues used fo r each t e s t added 
assurance t o the r e s u l t s s ince l i m i t s of acceptance fo r t h i s t e s t 
decrease as the number of samples i n c r e a s e s . 
The e f f e c t of adding a h e l i c o p t e r t o the model made an a p p r e c i ­
able change in the d i s t r i b u t i o n of s e r v i c e t i m e s . As shown in Figure 
7 , Chapter IV, the add i t i on of a h e l i c o p t e r reduced the mean s e r v i c e 
time about f ive minutes with some v a r i a t i o n between seasons . The model 
did not a s s ign a l l long d i s t ance c a l l s t o h e l i c o p t e r s , t h e r e f o r e , 
a l though the d i s t r i b u t i o n mean i s s h i f t e d s u b s t a n t i a l l y downward, a 
few c a l l s s t i l l r e q u i r e long s e rv i ce t i m e s . This conforms t o the 
expected r e s u l t s of a r e a l system s ince some long d i s t a n c e t r i p s could 
n o t , or should not r e ce ive the f a s t e r , more expensive h e l i c o p t e r 
s e r v i c e . The r e a l advantage was t o the p a t i e n t s r e q u i r i n g f a s t s e r v i c e . 
The mean s e r v i c e t ime fo r h e l i c o p t e r s e r v i c e was 12.33 minutes compared 
t o 29.47 minutes for ambulance s e r v i c e . 
A second h e l i c o p t e r added t o the system made l i t t l e change in 
t h e mean s e r v i c e t ime of the system. The a d d i t i o n a l h e l i c o p t e r 
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p r i m a r i l y served t o answer c a l l s r ece ived while t he f i r s t h e l i c o p t e r 
was busy . The percentage of p a t i e n t s se rv iced by h e l i c o p t e r inc reased 
from 29.0 t o 33 .2 . Unless some o the r use could be made of the h e l i ­
cop te r s dur ing per iods of few a c c i d e n t s , the requirement fo r more than 
one h e l i c o p t e r would seem very d i f f i c u l t t o j u s t i f y in the system 
s t u d i e d . 
Table 3 of Chapter IV i n d i c a t e s the expected r e s u l t s of a s s i g n ­
ing a h e l i c o p t e r d i f f e r e n t percen tages of emergency c a l l s . With an 
assignment of 30 or 50 per cent of a l l c a l l s , p a r t of t h e c a l l s had t o 
be serviced by ambulance since the helicopter was not available when 
the c a l l s were r e c e i v e d . At t h e 30 per cent l e v e l , 27.3 per cent of 
the c a l l s were a c t u a l l y s e rv i ced by h e l i c o p t e r , and a t the 50 per cent 
l e v e l , only 37.8 per cent of a l l c a l l s were answered by h e l i c o p t e r . 
Recommendations 
The fol lowing recommendations a re of fered for fu tu re r e s e a r c h : 
1 . The model should take i n t o account the t o t a l d i s t a n c e t o be 
t r a v e l e d in dec id ing i f a h e l i c o p t e r should be used t o s e r v i c e a c a l l . 
By s e r v i c i n g a g r e a t e r major i ty of long c a l l s by h e l i c o p t e r , the mean 
s e r v i c e time should be reduced and b e t t e r u t i l i z a t i o n of v e h i c l e s 
should be r e a l i z e d . 
2 . The model should be expanded t o inc lude medical f a c i l i t i e s 
o the r than those ope ra t ing 24 hours a day. 
3 . A comparison should be made between the use of t h e 
he l i cop te r / ambulance system and c r i t i c a l l y p laced ambulances. By having 
ambulances a t high acc iden t p o i n t s , cons ide rab le time may be saved by 
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the ambulances, thus p o s s i b l y making t h i s type system compet i t ive t o 
the mixed system with regard t o s e r v i c e t i m e s . 
4 . An e v a l u a t i o n should be made of the b e n e f i t s of us ing 
s t r a t e g i c a l l y p laced ambulances to d e l i v e r p a t i e n t s t o po in t s where 
h e l i c o p t e r s can speed the p a t i e n t s t o c e n t r a l l y - l o c a t e d h o s p i t a l s . 
5 . An ex tens ive t e s t program should be run us ing da ta on a l l 
ambulance systems in a c i t y f o r va r ious acc iden t r a t e s up t o the p o i n t 
of s a t u r a t i n g a l l emergency t r a n s p o r t a t i o n means. Types of v e h i c l e s 
should be v a r i e d a t the s a t u r a t i o n l e v e l t o determine maximum d i f f e r ­
ences in systems of v e h i c l e s . 
6 . An economic study should be performed t o compare t h e va r ious 
combinations of v e h i c l e s . Factors t o be considered should inc lude the 
cos t a s s o c i a t e d wi th : 
a . I n i t i a l procurement . 
b . Maintenance. 
c . Replacement. 
d. In su rance . 
e . Communication. 
f. Crews. 
g. T r a i n i n g . 
h . H e l i p o r t s . 
APPENDIX A 
AMBULANCE SERVICE DATA 
Table 4 . Ambulance Service Data 
Distance one way, d u r a t i o n , and time of 
depar tu re of ambulance t r i p s , Boston City 
Hosp i t a l ( 9 ) . 
Number Per Cent 
C h a r a c t e r i s t i c s of Tr ips of Tr ips of Tr ips 
Tota l 432 100 
Dis tance (Mi l e s ) : 
Less than 1 44 10 
1-3 152 35 
4-6 132 31 
7-10 68 16 
More than 10 4 1 
Not s p e c i f i e d 32 7 
Dura t ion: 
10 minutes 8 2 
10 t o 20 minutes 50 11 
20 t o 30 minutes 112 26 
30 t o 45 minutes 95 22 
45 minutes t o 1 hour 84 19 
1 t o 1-1/2 hours 51 12 
1-1/2 t o 2 hours 8 2 
More than 2 hours 8 2 
Not s p e c i f i e d 16 4 
Time of Depar ture : 
8 a.m. t o noon 136 32 
Noon t o 4 p . m . 128 30 
4 p.m. t o 8 p,m. 56 12 
8 p.m. t o midnight 48 11 
Midnight t o 4 a.m. 12 3 
4 a.m. t o 8 a.m. 20 5 
Not s p e c i f i e d 32 7 
APPENDIX B 
THE COMPUTER MODEL 
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APPENDIX B 
THE COMPUTER MODEL 
The computer model can be d iv ided i n t o s e c t i o n s which perform 
p a r t i c u l a r f u n c t i o n s . Each s ec t i on w i l l be expla ined along with i t s 
e f f e c t on a l l o the r s e c t i o n s . 
Time Keeping 
Figure 9 i s a block diagram of t he time keeping s e c t i o n . This 
s e c t i o n keeps t r ack of the minutes , h o u r s , days , months and yea r be ing 
s t u d i e d . A s e t of SAVEX l o c a t i o n s s t o r e s the informat ion fo r l a t e r use 
in determining weather cond i t ions and acc iden t r a t e s . 
The l e f t and cen te r columns of b locks of Figure 9 func t ion in 
response t o t r a n s a c t i o n s from the ORIGINATE block (number 100) . A 
t r a n s a c t i o n e n t e r s block 101 every 10 minutes (or t ime u n i t s ) and 
causes 10 u n i t s t o be added t o X100, t he minute coun te r . The t r a n s ­
a c t i o n then t r i e s t o e n t e r block 102, which i s a COMPARE b l o c k , and i f 
t he value s to red in X100 i s l e s s than 60 , the t r a n s a c t i o n i s allowed t o 
e n t e r and go d i r e c t l y t o block 114. I f the value in X100 i s 60 , i t i s 
t ime t o increment the hour counter and the t r a n s a c t i o n i s sen t t o 
block 103 which s e t s X100 back t o z e r o . The t r a n s a c t i o n then passes 
on t o block 104 and i nc r ea se s the hour counter (X101) by one. The 
same procedure i s followed fo r the hour , (X101), day (X102) and month 
(X103) counters as with the minute coun te r . When the proper amount of 
Figure 9 . Time Keeping Sec t ion 
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time has been s to red in a coun te r , i t r e v e r t s back t o i t s s t a r t i n g 
po in t and the next h ighe r counter i s incremented by one . 
Block 114 i s an ASSIGN block which a s s i g n s t o parameter one a 
value equal t o t he month (1 fo r January t o 12 for December) p lus 50 . 
This parameter value i s used l a t e r t o c a l l out FUNCTIONS 51 through 
62 which desc r ibe the weather d i s t r i b u t i o n fo r t he d i f f e r e n t months. 
This w i l l be covered in the next s e c t i o n . 
The r i gh t -hand column of b locks i n Figure 9 a re the i n i t i a l i z a ­
t i o n b locks fo r t he t ime .keep ing s ec t i on and can be manipulated by the 
r e s e a r c h e r t o i n d i c a t e the per iod he wishes t o s t u d y . The month 
(block 173) and year (block 174) a re probably the only b locks the 
r e s e a r c h e r would want t o change. Block 173 shows X102 s e t a t one but 
any value from one t o 12 could be s e t in t o i n d i c a t e the month t o be 
s t u d i e d . The same procedure can be followed with block 174. Any year 
beyond 1967 can be s e t i n t o X103. 
I f a continuous pe r iod i s t o be s t u d i e d , the ORIGINATE b l o c k , 
170, con ta ins the necessary in fo rmat ion . As soon as the program s t a r t s 
ope ra t i ng a s i n g l e t r a n s a c t i o n i s s e n t through the SAVEX blocks i n d i ­
ca ted and the r e s t of the program can then opera te c o r r e c t l y . No o the r 
t r a n s a c t i o n i s r equ i r ed from block 170 and t h e r e f o r e the ORIGINATE 
becomes i n a c t i v e . 
I f a p a r t i c u l a r month i s t o be s t ud i ed fo r d i f f e r e n t y e a r s , a 
START card must be p r e s e n t for each p e r i o d . Blocks 170, 173 and 174 
must a l s o be redef ined for each pe r iod and CLEAR cards must be 
a p p r o p r i a t e l y p laced a f t e r a l l bu t t he l a s t START, thus s e t t i n g a l l 
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b locks t o zero a t the beginning of each r u n . Block 174 must now con­
t a i n a cons tan t of K1970. 
Weather 
As a t r a n s a c t i o n leaves the Time Keeping s e c t i o n i t f i r s t t r i e s 
t o e n t e r the COMPARE b l o c k , 115 (Figure 1 0 ) . I f the t r a n s a c t i o n i s 
the f i r s t of the r u n , the va lue in X107 i s zero and t h e t r a n s a c t i o n can 
e n t e r block 115 and pass i n t o block 116. Block 116 e s t a b l i s h e s the 
weather type based on the func t ion whose number i s given by parameter 
one . As p rev ious ly mentioned these func t ions are numbered from 51 
through 62 . Each funct ion i s based on the p r o b a b i l i t y of different 
types of weather in t h a t month. 
Block 117 e s t a b l i s h e d t h e du ra t ion of the weather type and s t o r e s 
i t in X106. The d u r a t i o n i s determined by VARIABLE 7 which t a k e s a mean 
value for a p a r t i c u l a r weather type and m u l t i p l i e s i t by the exponen­
t i a l f u n c t i o n , FUNCTION 30. 
Next, the t r a n s a c t i o n goes t o block 118 and s e t s X107 equa l t o 
the cu r r en t clock t ime p lus the weather d u r a t i o n given in X106. This 
e s t a b l i s h e s the t ime when another t r a n s a c t i o n should be rou ted through 
blocks 116-118. U n t i l the clock t i m e , CI i n c r e a s e s t o the va lue of 
X107, t r a n s a c t i o n s are not sen t through block 115 but on t o block 122. 
Block 119 permi ts a l l weather t o be p r i n t e d a long with the time i t 
s t a r t e d and t ime i t ended. 
I f the weather cond i t i on i s such t h a t h e l i c o p t e r s cannot f l y 
(X105 l e s s than 3 ) , the t r a n s a c t i o n l e av ing block 119 i s pe rmi t t ed t o 
pass -through the COMPARE b lock , 120, and i n t o the ASSIGN b l o c k , 1 2 1 , 
Figure 10. Weather Sect ion 
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where parameter t h r e e i s s e t equal t o the t ime when the weather i s 
scheduled t o change as noted in X107. The t r a n s a c t i o n i s then ready t o 
pass on t o t he Vehicle Scheduling s e c t i o n of the program. If bad 
weather i s not p r e s e n t , the time of t he next t r a n s a c t i o n i s recorded 
in parameter t h r e e by the use of t h e ASSIGN blocks 122 and 123. 
Vehicle Scheduling 
The Vehicle Scheduling s e c t i o n works on the b a s i s of " cap tu r i ng" 
excess v e h i c l e s in the system. Vehicles are considered excess i f too 
many are ass igned t o one l o c a t i o n j thus not conforming t o the system 
be ing s imula ted . Excesses a l s o e x i s t when no crews are scheduled fo r 
a p a r t i c u l a r p a r t of a day. A t r a n s a c t i o n e n t e r i n g t h i s s e c t i o n by 
path "C" i n d i c a t e s bad weather where a l l h e l i c o p t e r s programmed in 
the system a re t o be kept down. I f a t r a n s a c t i o n e n t e r s by way of 
path "D", the r e s e a r c h e r has the op t ion t o make any combination of 
v e h i c l e s a v a i l a b l e . 
Figure 1 1 , block 125 i n d i c a t e s parameter four r e c e i v e s a value 
of four i n d i c a t i n g four h e l i c o p t e r s a r e t o be kept out of o p e r a t i o n a t 
a l l t i m e s , t hus a l lowing one h e l i c o p t e r t o be on c a l l . La te r in t h e 
d i s c u s s i o n on ambulance schedul ing i t w i l l be shown how the number of 
v e h i c l e s can be made changeable by t ime of day. 
Both b locks 124 and 125 send t r a n s a c t i o n s i n t o the SPLIT b l o c k , 
1 2 6 . ' Blocks 126 and 127 work t o g e t h e r t o " S p l i t off" as many t r a n s a c ­
t i o n s as a re d i c t a t e d by parameter fou r . Thus, from one t r a n s a c t i o n 
e n t e r i n g from the Weather Sec t i on , block 127 r e c e i v e s four or f ive 
t r a n s a c t i o n s depending on whether the e n t r y was made on r o u t e "D" or 

"C", r e s p e c t i v e l y . The l a s t t r a n s a c t i o n e n t e r i n g the LOOP b l o c k , 133, 
i s sen t t o block 179 which s t a r t s the ambulance schedu l ing . 
The COMPARE b lock , 128, makes use of the GPSS I I procedure of 
a s s i g n i n g a value of zero t o a l l empty f a c i l i t i e s and a value of one t o 
a l l f a c i l i t i e s in u s e . The h e l i c o p t e r f a c i l i t i e s a re numbered 81 
through 85. By def in ing VARIABLE 18 as 
K16*F81+K8*F82+K4*F83+K2*F8it+F85 
where the a s t e r i s k s i g n i f i e s m u l t i p l i c a t i o n of the f a c i l i t y value by 
the cons tan t i n d i c a t e d , i t i s p o s s i b l e t o determine i f any f a c i l i t y i s 
not in use and i f s o , which one i t i s . If a l l f a c i l i t i e s a re f u l l , t h e 
value of t h e v a r i a b l e i s 3 1 . Any value l e s s than 31 means a f a c i l i t y 
i s empty and a t r a n s a c t i o n i s allowed t o e n t e r block 128. 
Block 129 as s igns t o parameter e i g h t of each t r a n s a c t i o n the 
number of a vacant f a c i l i t y . This i s accomplished by e n t e r i n g FUNCTION 
8 (FN8) with VARIABLE 18 (V18). If the value of V18 i s , say 1 5 , t h i s 
i n d i c a t e s t h a t f a c i l i t y 81 i s empty s ince the value of V18 has been 
reduced from 31 by 16. In f a c t , i f V18 i s any value l e s s than 1 5 , 
then f a c i l i t y 81 must be empty as wel l as a t l e a s t one o the r f a c i l i t y . 
By the same procedure i t can be shown t h a t va lues of V18 from 16 t o 
23 can only occur i f f a c i l i t y 82 i s empty; and so on for each f a c i l i t y . 
I t i s p o s s i b l e fo r more t r a n s a c t i o n s t o t r y t o e n t e r block 128 
than t h e r e are empty f a c i l i t i e s . I f a t r a n s a c t i o n must w a i t , t he clock 
time (CI) may inc rease u n t i l t he value of parameter t h r e e i s smal le r 
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than the clock t i m e , i n d i c a t i n g t h a t the t r a n s a c t i o n should no longer 
hold a f a c i l i t y . When the t r a n s a c t i o n e n t e r s block 130, i f parameter 
t h r e e i s g r e a t e r than CI the d i f f e rence i s ass igned t o parameter 
t h r e e r e p l a c i n g the old v a l u e . The ass igned f a c i l i t y i s then occupied 
for the time i n d i c a t e d by parameter t h r e e . I f , however, the check a t 
block 130 shows CI equal t o or g r e a t e r than parameter t h r e e , t he 
t r a n s a c t i o n i s t e rmina ted a t block 500 as a re the t r a n s a c t i o n s which 
even tua l l y leave block 132. 
Block 132 i s a HOLD block and i t al lows a t r a n s a c t i o n t o occupy 
the f a c i l i t y des igna ted by the t r a n s a c t i o n ' s parameter e i g h t . This i s 
c a l l e d " i n d i r e c t s p e c i f i c a t i o n of a f a c i l i t y " and al lows g r e a t economy 
of b locks s ince one block can be used fo r many f a c i l i t i e s . The t h r e e 
b locks 130, 131 and 132 are a l s o used f o r the ambulance s chedu l ing , 
t h i s being pos s ib l e by the use of i n d i r e c t s p e c i f i c a t i o n . 
The l a s t t ime a t r a n s a c t i o n passes through a LOOP b l o c k , i t i s 
sen t t o t he block s p e c i f i e d in the "Next Block B" f i e l d ' on t h e LOOP 
ca rd . Block 133 sends the t r a n s a c t i o n t o block 179. This s p l i t b lock 
i s used t o allow for- normal p rog re s s ion through the ambulance p a r t of 
t he Vehicle Scheduling s e c t i o n , while a t the same time t h e cond i t i ons 
for the acc iden t r a t e can be e s t a b l i s h e d . This procedure i s d i scussed 
in the next s e c t i o n . 
The t r a n s a c t i o n which en te red block 134 from block 179, r e s e t s 
parameter t h r e e t o the value of the c u r r e n t clock time p lus t e n . I t 
should be noted t h a t t h i s t r a n s a c t i o n has used no clock time from the 
t ime i t was o r i g i n a t e d in block 100. On i t s e n t i r e path i t did not 
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e n t e r a block which r e q u i r e d i t t o spend any amount of t i m e . There fo re , 
i f the t r a n s a c t i o n s t a r t e d a t time 60 , i t would a r r i v e a t block 134 
a t time 60 and would cont inue t o s e t up a l l the ambulance schedul ing 
for t h e o ther veh i c l e groups in the system, and then t e rmina te a t t ime 
60 . Only in block 132 of t h i s s e c t i o n does a t r a n s a c t i o n s t a y while 
t he clock advances . 
A t r a n s a c t i o n l eav ing block 135 e n t e r s the ASSIGN block 136 and 
parameter four i s s e t equa l t o the number of ambulances which a re t o 
be taken out of s e r v i c e . This i s accomplished by having the d e s i r e d 
number of v e h i c l e s for each hour s e t in Function 50. Var iab le s i x sub ­
t r a c t s the va lue found in Function 50 from the number of ambulances in 
a group (seven) t o g ive the number t o be removed from s e r v i c e . As an 
example, i f a t 4:00 P.M., Function 50 y i e l d s a value of f i v e , the number 
of v e h i c l e s t o be taken out of s e r v i c e i s two. The input t o FUNCTION 
50 i s the c u r r e n t hour of the day of the s i m u l a t i o n . Blocks 137 and 
138 (Figure 12) " s p l i t .off" the c o r r e c t number of new t r a n s a c t i o n s 
r e q u i r e d by parameter four i n the same manner as was e a r l i e r d i scussed 
about b locks 126 and 133 for the - h e l i c o p t e r ^ s c h e d u l i n g . The t r a n s a c ­
t i o n s a re he ld in block 138 awai t ing a f ree f a c i l i t y t o be i n d i c a t e d 
by block 139. The F a c i l i t y number i s then ass igned t o the t r a n s a c t i o n ' s 
parameter e i g h t and the t r a n s a c t i o n moves on to block 129 t o cont inue 
t h e process as p rev ious ly d i s cus sed . 
A d i f f e r e n t s e t of F a c i l i t i e s i s used fo r the ambulances than 
were used fo r t he h e l i c o p t e r s . The seven ambulances used as the t o t a l 
number in V46 r e p r e s e n t one group or those ass igned t o one geographica l 
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l o c a t i o n . Seven f a c i l i t i e s a re the maximum t h a t can be r e p r e s e n t e d 
on one VARIABLE ca rd . A l a r g e r number of v e h i c l e s can be ass igned t o 
one l o c a t i o n by use of more than one group. 
Accident Generation 
The number of acc iden t s t h a t w i l l occur in any given per iod and 
consequent ly the average time between a c c i d e n t s must be e s t a b l i s h e d 
before acc iden t gene ra t ion can commence. A t r a n s a c t i o n was s p l i t in 
block 179 and one of the new t r a n s a c t i o n s was sen t t o block 180 t o 
e s t a b l i s h the necessary acc iden t in fo rmat ion . The informat ion i s 
updated every ten minutes of the simulation. Many of the following 
s t e p s had t o be taken s e p a r a t e l y and the informat ion s t o r ed in SAVEX 
l o c a t i o n s because of t he i n t e r p l a y between f u n c t i o n s , v a r i a b l e s and 
p rev ious ly s to red in fo rmat ion . 
Blocks 180 through 186 a re SAVEX blocks used t o s t o r e complex 
b i t s of information (see Figure 1 3 ) . The f i r s t s t e p i s t o determine 
the p a r t i c u l a r number of yea rs in the fu tu r e from the program year 
t h a t i s being s imula t ed . V19 says t o s u b t r a c t 1968 from t h e year found 
in X104. If X104 con ta ins 1970, the value of V19 i s two and t h e r e f o r e , 
two i s s to red in X l l l . Vl l i s def ined as X103+X111*K12 and determines 
the value of "T" in the f o r e c a s t Equation (12) 
F t + T = ( V T V § ( t + T - K L ) 
where F^_+Ij, i s the f o r e c a s t a t t ime t for pe r iod T, X̂_ i s the weighted 
demand a t t ime t , T i s the per iod in the fu tu re be ing s t u d i e d , G ' i s 
t V 
2 1 1 r 2 1 2 2 1 3 
A L L 2 1 4 2 1 9 A L L 2 1 5 2 1 9 B O T H 2 1 5 ^ 2 1 1 
Figure 13 . Accident Generat ion 
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the t r end a t time t and S i s the seasona l e f f e c t for t he f o r e c a s t 
t i l — KLi 
p e r i o d . An example of the use of t h i s formula i s included in Appendix 
C. 
The value of t h a t p a r t of t he equat ion in pa ren theses i s c a l c u ­
l a t e d and s to red in X112 and the value of F t + T i s s t o r e d in X113. 
Next, a f ac to r i s determined fo r the e f f e c t of time of day and weather . 
V22 combines the i n d i v i d u a l e f f e c t s found i n FN32 and FN34 and s t o r e s 
the information in X11M-. The da i l y r a t e i s determined by d iv id ing 
the monthly r a t e found in X113 by 30. This value becomes the e n t r y in 
X115 . 
The adjus ted d a i l y r a t e s t o r e d i n X116 i s determined by m u l t i ­
p ly ing the adjustment f a c t o r i n X114 by the d a i l y r a t e in X115 and 
d i v i d i n g by a c o n s t a n t , t e n , r equ i r ed by the l i m i t a t i o n s of the 
language t o accept only i n t e g e r v a l u e s . F i n a l l y , t h e mean time between 
a c c i d e n t s i s determined by d iv id ing the t o t a l number of minutes in a 
day, 1HH0, by the ad jus ted acc iden t s per day found in X116, t hus g iv ing 
a f a c t o r in minutes t o be s t o r ed in X117. This value i s updated every 
t e n t ime u n i t s dur ing the s imula t ion to al low for changes caused by 
weather and t i m e . 
With the above information computed, the t r a n s a c t i o n s r e p r e ­
s e n t i n g acc iden t s can commence. Al l of t he prev ious s t eps were 
accomplished with no change in the clock t i m e . The f i r s t t r a n s a c t i o n 
leaves block 200 a t t ime two and i s followed every time u n i t by a new 
t r a n s a c t i o n . Each t r a n s a c t i o n i s ass igned a value t o i t s parameter 
one by V12 which t akes the mean time between a c c i d e n t s as found in X117 
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and m u l t i p l i e s i t by the exponen t i a l d i s t r i b u t i o n f u n c t i o n . Note t h a t 
each time FUNCTION 30 i s used i t i s immediately d iv ided by 100 t o 
e l imina t e the problem of decimal va lues p r ev ious ly mentioned. 
Each t r a n s a c t i o n t r y s t o e n t e r block 202 which i s a dummy s t o r e 
t h a t holds a s i n g l e t r a n s a c t i o n the length of t ime s t i p u l a t e d by 
parameter 1. Any backlog of t r a n s a c t i o n s a t block :201 i s sen t t o block 
500 and t hus d i s c a r d e d . By t h i s somewhat awkward method, those t r a n s ­
a c t i o n s reach ing block 203 and beyond a re p roper ly spaced t o s imula te 
a c c i d e n t s . Block 203 provides a p r i n t o u t of t ime between a c c i d e n t s in 
Table 10 of the computer data. 
A more convent ional method, but one which f a i l e d t o opera te 
s a t i s f a c t o r i l y on Georgia I n s t i t u t e of Technology's Univac 1108 com­
p u t e r , would be t o des igna te the time of the f i r s t t r a n s a c t i o n in the 
"X" f i e l d of the ORIGINATE'block and then base fu ture depar tu re t imes 
on a funct ion with V12 as the en t ry t o the f u n c t i o n . 
In block 204 parameter one i s r ede f ined t o des igna t e the a rea 
in which an acc iden t o c c u r s . This a l s o s t ands for the h o s p i t a l which 
w i l l r e c e i v e the p a t i e n t . I f only one h o s p i t a l i s t o be e v a l u a t e d , 
t h i s va lue i s a c o n s t a n t , but i f more than one h o s p i t a l i s t o be 
e v a l u a t e d , a funct ion must be used t o d i s t r i b u t e the p a t i e n t s t o the 
d i f f e r e n t h o s p i t a l s in the proper p r o p o r t i o n s . 
Block 205 a s s igns a value t o parameter two of one, two, or t h r e e , 
s t and ing for veh i c l e mode of p r e f e r e n c e . 
1 . Helicopter/Ambulance 
2 . Ambulance/Helicopter 
3 . Ambulance only . 
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I f a h e l i c o p t e r i s a v a i l a b l e i t w i l l handle a l l mode one c a l l s , 
but ambulances are used as backup v e h i c l e s . The r e v e r s e i s t r u e for 
mode two c a l l s . Mode t h r e e c a l l s a r e only se rv iced by ambulances. 
The number of v e h i c l e s r e q u i r e d i s determined by funct ions based 
on parameter two. The r a t i o n a l e fo r t h i s i s t h a t the chances for mul­
t i p l e p a t i e n t s a r e d i f f e r e n t fo r d i f f e r e n t a r e a s . For example, freeway 
acc iden t s would be expected t o r e q u i r e more than one emergency v e h i c l e 
more of ten than r e s i d e n t i a l a c c i d e n t s . 
The d i s t ance t o an acc iden t s i t e i s determined from V28 which 
desc r ibe s the a rea being s t u d i e d . Each t r a n s a c t i o n has the d i s t ance 
value s t o r e d in parameter t h r e e as.shown in block 207. 
In most i n s t a n c e s , b locks 208 and 209 serve no use fu l purpose ; 
however, i n the event t h a t more than one veh ic le i s needed t o s e r v i c e 
an a c c i d e n t , a d d i t i o n a l t r a n s a c t i o n s a re s p l i t off so t h a t a t block 
308, each t r a n s a c t i o n r e p r e s e n t s the need for one v e h i c l e . 
Block 30 8 rou t e s t r a n s a c t i o n s t o t he v e h i c l e sequence des igna ted 
by FN22. Each acc iden t a rea i s given a sequence of ambulance l o c a t i o n s 
which a re c a l l e d on t o s e r v i c e c a l l s . The procedure w i l l be d i scussed 
for Area 1 . 
A l l r e q u e s t s for v e h i c l e s in Area 1 are sen t t o block 210 . 
Where the t r a n s a c t i o n s go from block 210 depends on the des igna ted 
t r a n s p o r t a t i o n mode s to red in parameter two. Al l t r a n s a c t i o n s d e s i g ­
nated mode one a re sen t t o block 211 , whi le mode two t r a n s a c t i o n s are 
sent t o block 212 and mode t h r e e t r a n s a c t i o n s a re sen t t o block 213. 
When a t r a n s a c t i o n t r i e s t o e n t e r block 214 from block 211 , 
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a t e s t I s made t o see i f a h e l i c o p t e r i s a v a i l a b l e . I f t h e r e i s none, 
block 215 i s t e s t e d t o see i f the primary ambulance p o i n t has an 
ambulance a v a i l a b l e . The procedure i s cont inued through a l l p o s s i b l e 
ambulances u n t i l an a v a i l a b l e veh ic l e i s found. The f i r s t block in the 
sequence which i n d i c a t e s an empty f a c i l i t y , r e p r e s e n t i n g a v e h i c l e not 
i n use al lows the t r a n s a c t i o n t o e n t e r and cont inue i t s p r o c e s s . The 
same procedure i s followed from block 212 except t h a t the h e l i c o p t e r 
channel i s not made a v a i l a b l e t o the t r a n s a c t i o n . 
Block 213 which handles the o p t i o n a l c a l l s f i r s t checks block 
215 t o see i f a primary ambulance i s a v a i l a b l e . I f none i s a v a i l a b l e , 
the t r a n s a c t i o n goes t o block 211 and t r i e s t o e n t e r each COMPARE block 
from 214 t o 219 u n t i l i t f i nds an a v a i l a b l e f a c i l i t y (Figure 1 4 ) . 
The procedure i s the same fo r adding a d d i t i o n a l acc iden t a r e a s . 
For each new h o s p i t a l the r e s e a r c h e r wishes t o add t o the system an 
a d d i t i o n a l s e t of b locks corresponding t o b locks 310 through 319 must 
be added (Figure 1 5 ) . The sequence of f a c i l i t i e s t o be t e s t e d must be 
changed t o correspond t o t h e new a r e a . An example of t h i s i s given by 
the r e a r r a n g i n g of the VARIABLES i n b locks 314 through 319 compared to 
the s i m i l a r 200 l e v e l b l o c k s . Note t h a t the f a c i l i t i e s denoted by V46 
were the f i r s t ambulance choice for Area 1 bu t are the l a s t choice^ for 
Area 2. Location would be the major reason for t h i s occu r rence . 
Vehicle Assignment and Service 
When a t r a n s a c t i o n leaves block 210 (or 310, 410, e t c . ) i t e n t e r s 
a COMPARE block which s i g n i f i e s an a v a i l a b l e f a c i l i t y . The l o c a t i o n of 
the f a c i l i t y (or v e h i c l e ) in the system i s ass igned t o the t r a n s a c t i o n ' s 
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parameter five. The facility number is assigned to parameter eight 
and the effect of weather and time of day on service time is assigned 
to parameter six (Figure 14). All ambulances use block 232 since the 
weather and time factor is the same for all surface vehicles. 
At blocks 234- or 284, parameters one and five of each transac­
tion are compared. If the values of the two parameters are equal, the 
vehicle is required to go to.the accident site and then return to its 
starting point. The next block is then either 2.35 or 285 depending on 
whether it is an ambulance or helicopter. If the parameters are not 
equal, the vehicle is required to travel to the accident site and then 
continue to the point designated in parameter one. For this case the 
transactions enter the appropriate COMPARE block and pass on to either 
block 236 or 286. Parameter four is assigned the service time based 
on the appropriate variable. The service times are required in the 
HOLD block, 237. 
All vehicles are represented by block 237 by indirect specifica­
tion. Parameter eight of each transaction indicates which facility or 
vehicle is to be held and parameter four indicates how long. The 
service time for each transaction is tabulated in block 238 upon the 
transaction's release from block 237, the composite of all transaction 
service times is collected in block 238 and printed in Table 9. 
Maintenance 
All servicing and maintenance on surface vehicles are considered 
to be performed during the period when these vehicles are not scheduled 
for duty. The helicopters, however, require periodic maintenance of 
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cons ide rab le dura t ion and s ince t h e r e a r e only a few i n the system, 
t h e e f f e c t must be taken i n t o account . 
A t r a n s a c t i o n l eav ing block 239 (Figure 14) f i r s t t r i e s t o e n t e r 
block 243 (Figure 1 6 ) . Only those t r a n s a c t i o n s se rv iced by h e l i c o p t e r s 
a re allowed t o e n t e r ; a l l o the r t r a n s a c t i o n s a re t e rmina ted a t block 
500. Parameter e i g h t i s then inc reased by 200 t o i n d i c a t e a new s e t 
of SAVEX l o c a t i o n s , 281 through 285. These l o c a t i o n s a re used t o s t o r e 
the cumulat ive f l y i n g hours u n t i l t he time of major overhaul of the 
corresponding h e l i c o p t e r a t which time t h e SAVEX l o c a t i o n r e v e r t s t o 
zero and s t a r t s count ing again with the next t r a n s a c t i o n s e r v i c e t ime 
ass igned t o i t s r e p r e s e n t a t i v e h e l i c o p t e r by parameter f o u r . 
Once i t has been e s t a b l i s h e d t h a t maintenance i s due , parameter 
e igh t i s reduced by 200, thus r e v e r t i n g back t o i t s p rev ious v a l u e . 
I t i s t hen used i n block 250 t o des igna te the f a c i l i t y t o be held for 
maintenance. The time i s again determined by parameter four based on 
i t s new s e r v i c e t ime va lue obta ined i n block 249. 
No p rov i s ion i s made for the time r e q u i r e d for a veh i c l e t o 
r e t u r n t o i t s home s t a t i o n from another a rea on the b a s i s t h a t a h e l i ­
cop te r would be ready for f l i g h t a f t e r making one c a l l and thus could 
cont inue on t o a second acc iden t s i t e with l i t t l e d i f f e r ence in t i m e . 
An ambulance could be used t o s e r v i c e any c a l l s on i t s r ou t e t o i t s 
home s t a t i o n , thus minimizing any e f f e c t i t s d i s l o c a t i o n might cause 
on the system. 
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L O C N A M E T " 5 E U " N B A T I B B - " ' M E A W ~ : M O D " R E M A R K S 
J O B 0 7 0 1 5 7 2 5 5 2 2 1 " " " ~ " 
****************************^ 
• - 1 - F U N C T I O N R N l " D 2 '*""" ~ " " " " t T V E H . M O D E 1 
. 9 9 1 1 2 
2 F U N C T I O N R N l " D 2 " " " " " " " " " " " " « V E H . M O D E 2 
. 9 9 5 1 1 2 
3 F U N C T I O N R N l " D 2 " " " " " U V E H . M O D E 3 
. 9 1 1 1 
~ 4 " F U N C T I O N F Z " D3~ V E H " . M O D E " P A T H 
1 2 1 1 2 2 1 2 3 ? 1 3 
5 F U N C T I O N X 1 0 3 D 1 2 " " " S T T T f 
1 9 1 2 1 2 4 3 i 0 5 4 1 0 8 5 1 0 5 6 1 1 3 
7 9 7 - 8 , 9 2 " 9" 9 6 1 0 9 0 I I 9 1 1 2 " ~ 8 7 " ' ' 
8 F U N C T I O N V 4 5 D 5 H C A S S I G N M E N T 
1 5 8 1 ' 2 3 " " 8 2 " 2 7 a 3 2 9 ~ 3 t f " 9 5 ~ " ~ 
9 F U N C T I O N V 4 6 D 7 til A S S I G N M E N T 
6 3 1 9 5 2 1 1 1 3 1 1 9 4 1 2 3 5 1 2 5 6 
1 2 6 7 
1 0 F U N C T I O N " SlWl' D 7 " """"" " 8 2 A S S I G N M E N T 
6 3 1 1 9 5 1 2 1 1 1 1 3 1 1 9 1 4 1 2 3 1 5 1 2 5 1 6 
" 1 2 6 1 7 - ~ " " " ' ' " ' 
1 1 F U N C T I O N V 4 8 D 7 • « 3 A S S I G N M E N T 
6 3 2 1 9 5 2 2 1 1 1 2 3 1 1 9 2 4 1 2 3 2 5 1 2 5 2 6 
1 2 6 2 7 
1 2 F U N C T I O N V 4 9 C 7 """ ' ' 1*4 A S S I G N M E N T 
6 3 3 1 9 5 3 2 1 1 1 3 3 1 1 9 3 4 1 2 3 3 5 1 2 5 _ 3 6 _ 
1 3 F U N C T I O N V 5 0 D 7 8 5 A S S I G N M E N T 
6 3 4 1 9 5 4 2 T I T " 4 3 1 1 9 4 4 1 2 3 4 5 ^ 1 2 5 4 6 " ' 
1 2 6 4 7 
1 4 F U N C T I O N V 5 " D 1 3 ~ ~ """"" " « 1 A M B S E R V I C E 
6 0 3 9 0 4 1 8 0 5 ^ 2 0 6 5 1 0 5 5 7 0 4 
8 4 0 ' - ~ 3 * ~ 9 9 0 " " 2 - T t f Z O ~ T ~ ~ 1 0 8 0 " 2 ~ ~ 1 1 T 0 " ~ 3 " 1 3 5 0 2 
1 4 4 0 3 
1 5 F U N C T I O N " V 5 D 3 ~ " " ~ * » 2 A M B S E R V I C E 
4 2 0 5 1 3 8 0 2 1 4 4 0 5 
1 6 F U N C T I O N V 5 D"3 " t t 3 A M B S E R V I C E 
4 2 0 5 1 3 8 0 2 1 4 4 0 5 
" " I T " F U N C T I O N V 5 D 3 ~ " ' ~ " . " " " " " " ft4 A M B S E R V I C E 
4 2 0 5 1 3 8 0 2 1 4 4 0 5 
1 6 F U N C T I O N V 5 D 3 ' " " " 8 5 A M B S E R V I C E 
4 2 0 5 1 3 8 0 2 1 4 4 0 5 
1 9 F U N C T I O N " X l b S D 9 "" " " ~ " " " W E A D U R A T I O N 
0 6 0 1 6 0 2 1 2 0 3 1 8 0 4 1 8 0 5 1 8 0 _____ 
6 1 2 0 "7 ~ " 2 4 0 " 8 1 4 4 6 " ' " ' "' 
2 0 F U N C T I O N X 1 0 5 D 9 W E A E F F O N A C C 
0 7 5 1 9 0 2 i O U ' 3 1 2 0 4 1 2 0 5 " l O B 
6 1 2 5 7 1 0 0 8 9 0 
2 2 F U N C T I O N R N l " D 2 " " " ~ ' A C C A R E A D I S T -
. 5 2 1 0 1 2 1 0 _ _ _ . 
2 3 " " F W C T I O N P 2 " " D 3 " ~ ~ ~ " ~ " ~ " V E H C H O I C E 
1 3 1 1 2 3 1 2 3 3 1 3 _ 
"24 F U N C T I O N X 1 0 5 D 9 " " " """ W E A E F F O N H C " 
0 2 0 1 2 0 2 3 0 3 5 4 0 5 0 
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6 -0" T 0 8 " n " 25 FUNCTION V5 D5 360 2 540 0 960 0 26 FUNCTION Xl_05 D9 0 30 1 " 20 2 0 6 5 7 0 8 o 27 FUNCTION V5 D24 60 96 120 63 180 40 42030 480 71 540g2 780 147 840 147 900 l42 1140 132 1200 157 1260 129 28 FUNCTION RNl D3 .3 1 .7 2 1 3 29 FUNCTION V5 D7 3600480 1560020 1440 15 30 FUNCTIONRNlC24 0 0 .1 14 .2 22 . 6 9 1 . 7 120 .75 136 .9 230 .92 252 .94 ?8l .98 390 .99 460 " .995 530 
3 1 F U N C T I O N R N l C 3 0 2 .5 6 1 lO 32 FUNCTION RNl C 2 0 1 1 2 0 " *******WEATHER CONDITION TYPES**** *0- HEAVY FOG OR DUST " *4 -*1 - HEAVY SNOW OR RAIN *5 -*2 - HIGH WINDS *6-*3 - LIGHT SNOW AND ICE *7 -* FUNCTION"51 THRU 62 REQUIRES THE *TYPES OF WEATHER. 51 FUNCTION RNl D9 .0833 0 .125 1 .1667 2 .4375 6 .6667 7 1 8 52 FUNCTION RNl D9 .0682 0 • .1137 1 .1591 2 .4318 6 .6364 7 1 p. 53 FUNCTION RNl D6 .0513 0 .1282 1 .1795 2 "54FUNCTION RNlD6 "" .0303 0 .0909 1 .1212 2 - 55 "FUNCTIONRNl"D5 "" .0303 0 .0606 1 .0909 ? 56 FUNCTION RNl D5 .0116 0 .0606 1 .0909 2 ' 57 FUNCTION RNl D5 .0294 0 .0882 1 .1176 2 " 58"FUNCTION ~ RNl D5~ " " .0294 0 .0588 1 .0882 2 59 FUNCTION "RNl D5 .0313 0 .0625 1 .0937 2 60 FUNCTION RNlD5 .0313 0 .0625 1 .0937 2 " 61 "FUNCTION""RNl "D5 .0571 0 .0857 1 .1143 2 62 FUNCTION "RNl D9 .0851 0 .1277 1 .1702 2 
TIME EFF ON HC 1140 0 1440 0 • - • • WEA EFF ON AM 3 10 4 1 0 5 "5~"" 
• • — TTME "EFF ON AC 240 31 300 28 360 21 600 119 660 119 720 1 1 0 - . 960 119 1020 119 1080 138 1320 114 1380 137 " 1440" 102 
720 
.3 .8 : .95 .998 
15 
35 160" 299 620 
"900 20 
VEHICLE MODE TIME EFF AMB 114025 " 
.4 51 -.84" 183 .96 320 .999700 
.5 .88 .97 1 
EXP DISTRIB 69 "2112 ~ 350 800 ' "" 
D I S T . PI 
DIST. P1=P5 
* * ICE ON PAVEMENT LIGHT SNOW LIGHTRAIN CLEAR AND COLD(BELOW 40F PROBABILITY DISTRIBUTION 
*8 - CLEAR 
.1875 3 .2083 4 .2292 
.1818 -.2043 4 - . 2273" 
.4872 6 .5128 7 1 
.3636 6 .3939 7 1 
.3333 6 1 8 
.3636 6 1 8 
.4il7 6 1 8 
.3823 6 1 8 
.3125 6 1 8 
.2812 6 1 8 
.3143 6 1 8 













T « 5 5 " B — . 6 3 8 3 T TX p ; — ; ^ - J : — — " — " 
************************************* 
1 V A R I A B L E K 5 0 + X 1 0 3 ~ "" ' ~ " " W E A FN N U M B E R 
2 V A R I A B L E F N 1 9 * F N 3 O / K l 0 O W E A D U R A T I O N 
3 " V A R I A B L E X 1 0 6 + C 1 ~ " " " " : " WE A " E N D T I M E 
5 V A R I A B L E C U K 1 4 4 0 C l C O N V E R S I O N 
6 V A R I A B L E KT-FN 1 4 " " " " « I " S C H E D U L E " A M " 
7 V A R I A B L E K 7 - F N 1 5 . * 2 S C H E D U L E A M 
8 V A R I A B L E " K7 " " " ~ "'"""" ' • : " « 3 S C H E D U L E AM 
9 V A R I A B L E K7 «4 S C H E D U L E A M 
1 0 V A R I A B L E K 7 " " " ~ « 5 S C H E D U L E A M 
1 1 V A R I A B L E X 1 0 3 + K 1 2 * V 1 9 » T » I N M O N T H S 
" 1 2 ~ " V A R I A B L E X X i 7 . F N 3 0 " 7 K l o Q " ~ " T V ~ B , " ' C A L L S 
1 3 V A R I A B L E P 4 * K 2 / K 3 + F N 3 2 + P 4 * P 6 * F N 3 Q / K 1 5 0 0 _ _ _ H C • S E R _ , L T I M E 
1 4 V A R I A B L E " P 4 * K 3 / K 2 + F N 3 2 + P 4 * P 6 * F N 3 0 / K 6 6 6 ~ " " A M S E R . T I M E 
1 5 V A R I A B L E F N 3 1 * K 2 / K 3 + F N 3 2 + F N 3 1 * V 4 3 * F N 3 0 / K 1 5 0 0 HC T I M E P T . 2 
1 6 V A R I A B L E F N 3 X * K 4 7 K 2 + F n ^ + F N 3 W ™ A M TIME P T . 2 
1 7 V A R I A B L E K 1 1 0 0 * K 6 0 M O H T I M E F O R H 
" " I B " V A R I A B L E K T r 3 2 ' 0 + K T * 3 ' 2 W F T I 3 f f 7 R l W M W SERY."TTmT 
1 9 V A R I A B L E X 1 0 4 - K 1 9 6 7 Y E A R S I N T O F U T U R E T 
2 0 V A R I A B L E K l 5 9 3 + K 2 5 * V l i " ' " " " " X+G*T 
2 1 V A R I A B L E X 1 1 2 * F N 5 / K 1 0 0 ACC. F O R E C A S T 
2 2 ~ V A R I A B L E F N 2 0 + F N 2 7 " " " " W T A + T I M E ~ A C C 
2 3 V A R I A B L E X 1 1 3 / K 3 0 D A I L Y ACC R A T E 
" 24 V A R I A B L E " " " ^ I 1 4 * X 1 1 5 7 K 2 W AD"J A C C " " R A T E 
25 V A R I A B L E K 1 4 4 0 / X 1 1 6 B E T W E E N A C C 
26 V A R I A B L E X*8+P4 : T I M E S I N C E M O H 
27 V A R I A B L E P 1 + P 5 D I S T . F A C T O R ~~ZW— V A R I A B L E " K 3 + K 3 * FJVF3TJ'/ K i TJ 0 ~ D T S T . ~ H O S P 7 "t t l 
43 V A R I A B L E F N 2 4 + F N 2 5 W E A + T I M E H C 
4 4 " - V A R I A B L E F N 2 " 6 + F N 2 9 " ~ ~ " ~ " ' W E 7 T + TIMEHAW 
45 V A R I A B L E K 1 6 * F 8 1 + K 8 * F 8 2 + K 4 * F 8 3 + K 2 * F 8 4 + F 8 5 H C C H E C K 
4 6 V A R I A B L E K 6 4 * F 1 + K 3 ^ * F 2 + K 1 6 * F 3 + K 8 * F ~ " f c l A M C H E C K 
47 V A R I A B L E K 6 4 * F 1 1 + K 3 2 * F 1 2 + K 1 6 * F 1 3 + K 8 * F 1 4 + K 4 * F 1 5 + K 2 * F 1 6 + F 1 7 « 2 A M C H E C K 
4 8 V A R I A B L E K 6 4 * F 2 1 + K 3 2 * F 2 " 2 + K 1 6 * F 2 ^ + K 8 * F 2 4 + K 4 * F 2 5 V K 2 * F 2 6 + F 2 7 » 3 A M C H E C K " 
4 9 _ V A R I A B L E . K 6 4 * F 3 J + K 3 2 * F 3 ^ + K 1 6 * F 3 3 + K 8 * F 3 4 + K 4 j * F 3 5 + K 2 * F J 6 _ + F 3 J _ ^ _ A M _ C H E C K _ 
""5TJ V A R T A B L E " K 6 4 * F 4 1 + K 3 2 * F 4 2 + k X 6 * « 5 A M CHECK 
*******************************************************************************& 
1 0 0 ' " ' " O R I G I N A T E 1 0 " 6 ~ " 1 0 1 ~~ 1 0 
1 0 1 S A V E X 1 0 0 + K 1 0 B O T H 1 0 2 1 0 3 M I N . C O U N T E R 
1 0 2 C O M P A R E X I 0 0 L k 6 0 1 1 4 
1 0 3 S A V E X 1 0 0 _ K O 1 0 4 C W N J E R . R E S E J 
104" S A V E X 1 0 1 + " K l BCTTfl" " 1 0 5 f 0 6 ' " H O T J R C O U N T E R ~ 
1 0 5 C O M P A R E X 1 0 1 L k 2 4 1 1 4 __ 
1 0 6 S A V E X 1 0 1 KO 1 0 7 " "' C O U N T E R R E S E T 
1 0 7 S A V E X 1 0 2 + _ KL „ B O T H 1 0 8 _ _ _ A 0 9 _ _ _ D A Y C O U N T E R 
1 0 8 C O M P A R E ""' X X 0 2 ~ L """ " k 3 1 ' " 1 1 4 
1 0 9 S A V E X 1 0 2 K l _ 1 1 0 C O U N T E R R E S E T 
" X 1 T T " S A V E X T O 3 + K l " " " " B O T H " I ' l l TT2 " ' " " " M O N . " C 0 U N T 5 9 
1 1 1 C O M P A R E X 1 0 3 L k 1 3 1 1 4 
" 1 X 2 S A V E X 1 0 3 K l T I T " " C O U N T E R " R E S E T 
1 1 3 S A V E X 1 0 4 + KL 1 1 4 Y E A R C O U N T E R 
1 1 4 ASSIGN r V I - " B O T H 1 X 5 1 2 2 " " " "" W E A F N " N U M B E R 
1 1 5 C O M P A R E X 1 0 7 L p i J X 6 . 
1 X 6 S A V O 1 0 5 " F N * 1 " 1 1 7 " ~ " W E A T H E R T Y P E 
1 1 7 S A V E X 1 0 6 V 2 1 1 8 W E A D U R A T I O N ^ 
1 1 8 " S A V E X T 0 7 ~ " V 3 " " ' " 1 1 9 " " ~ W E A E N D T I M E 
1 1 9 P R I N T 1 0 0 1 0 7 B O T H 1 2 0 1 2 2 P R I N T B A D WEA 
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120 "COMPARE "Xlflb . _ c _ "~K3"" ~ T2T~-121 ASSIGN 3 X107 124 WEA SCH TIME 
122 ASSIGN - 3 K10 ~ "123 " ' "NORMAL SCHED­
123 ASSIGN 3+ CI 125 ULE TIME. 
124 ASSIGN 4 K5 126 " " 8 HCOPTERS" OUT 
125 ASSIGN 4 K5 126 8 HCOPTERS OUT 
126 SPLIT ' • — "•*• 133 "127 
127 ADVANCE 128 
128 COMPARE V45 L K31 129 — — _. _ 
129 ASSIGN 8 FN8 BOTH 130 500 ASGN FACILITY 
130" COMPARE" P3 G Cl 131 " 
131 ASSIGN 
to CI 132 FAC HOLD TIME 
132 HOLD ~ *8 500 "~̂*3" 5ECflETJLTNG ~ 
133 LOOP 4 126 179 HCOPTER COUNT 
134 ASSIGN """ 3 MO 135 "" ' ' RESET SCHED­
135 ASSIGN 3+ CI 136 ULING TIME. 
136 ASSIGN " 4 V6 137 Ul AMBS OUT 
137 SPLIT 141 138 
138 ADVANCE T39 139 COMPARE V46 L K255 140 
140 ASSIGN 8 FN9 "BOTH- I3D " A S G N FACILITY 141 LOOP 4 137 142 rtl AMB COUNTER 
142 ASSIGN * 4 V7 143 . . . . «2 AMBS OUT 
143 SPLIT 147 144 144 ADVANCE— • • I45~ "~
 _ - . . 
145 COMPARE V47 L K255 146 
146 ASSIGN FN10 ~ • BOTH 130 500 - - ASGN FACILITY 
147 LOOP 4 143 148 82 AMB COUNTER 
148 ASSIGN 4 V8 — 149 ~ , _ • " 83 AMBS OUT " 
149 SPLIT 153 150 
150 ADVANCE — - • — 151" — — 
151 COMPARE V48 L K 2 5 5 152 
152 ASSIGN 8 FN11 . . _.. BOTH 130 500 " " ASGN FACILITY 
153 LOOP 4 149 154 83 AMB COUNTER 
154 ASSIGN ' 4 V9 155 ' 84 AMBS OUT 
155 SPLIT 159 156 
156 ADVANCE" . . . , • "157 - - - . 
157 COMPARE V49 L K255 158 
158 ASSIGN 8 FN12 BOTH 130 500 •~ • - - - ' ASGN FACILITY 
159 LOOP 4 155 160 84 AMB COUNTER 
160 ASSIGN 4 v i o 161 85AMBS OUT' 
162 ADVANCE 163 
163 COMPARE "V5'0 K"25"5 ~"T6T" _ 161 SPLIT 165 162 
164 ASSIGN 8 TNI 3 BOTH 130 500 ASGN" FACILITY 
165 LOOP 4 161 500 85 AMB COUNTER 
170 ORIGINATE 1 6 171 21600 
171 SAVEX 101 KO 172 * INITIALIZE 172 SAVEX " " 102 "Kl BOTH 175" ~T73~ "•" *" TIME " " 
173 SAVEX 103 K10 174 * KEEPING 
174 SAVEX 104 KI969 114 * * * * * * * 
175 COMPARE X103 G KO 176 
176 SAVEX 103+ K3 177 „ _ 
177 SAVEX 104 K1969 114 . A D P A I 1 9 . N A L . J F R » 179 SPLIT~ 134 180 
180 SAVEX 111 V19 181 T 
181 SAVEX 112 V20 182 ' iX+GT) 
182 SAVEX 113 V21 183 FORECAST 
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~IB3* SAVEX" "114 " V22 "184" (WEA+TIME) 184 SAVEX 115 V23 185 DAILY ACC RATE 
185 SAVEX- 116 V24" 186 ADJ RATE 
186 SAVEX 117 V25 500 TIME BET ACC *************************************** 
200 ORIGINATE 2 201 1 
"201 "ASSIGN 1 V12"- "BOTH" " 202 " "500 TIME NEXT ACC. 
202 STORE 1 203 *1 ADVANCE CLOCK 
1 CAPACITY 1 " 
203 TABULATE 10 204 TAB ACC TIMES 
"204 ASSIGN" "1 Kl " 205 8 ACC AREA 
205 ASSIGN 2 FN28 206 VEHICLE MODE 
~2W "ASSIGN ' 3 "• ~FRS2" 20T U VEH. RQD. 207 ASSIGN 4 V28 208 DISTANCE 
" 208 SPLIT 209 210 VEH DISPENSER 209 LOOP 3 "FN 308 500 VEH. COUNTER ~2T0 ADVANCE 4 ************** 211 ADVANCE ALL 214 219 * VEHICLE 
" 212" "ADVANCE ATL 215 219 * MARSHALING 213 ADVANCE BOTH 215 211 * FOR 214 COMPARE V45 L K3I 280 * A R E A 
215 COMPARE V46 L K255 230 * 81 
216 COMPARE V47 L K255 252 * 
217 COMPARE V48 L K255 254 * 
218 ' COMPARE ~ V49 ~ - K2B5 "256" * * 219 COMPARE V50 L K255 258 * * * * * * * 
230 ASSIGN 5 Kl 231 81 VEHICLE PT. 
231 ASSIGN 8 FN9 232 ASGN FACILITY 
232 ASSIGN- " 6 V44 ' "BOTH 234 235 flME+ WEA "EFF. 
234 COMPARE PI NE _P_5 236 ™235 ASSIGN ...... " V14 237" LOCAL S. TIME 
236 ASSIGN 2 V16 237 OTHER S. TIME 
237 HOLD " *8 238 ALL FACILITIES 
238 TABULATE *8 239 FAC. STATS. 
239 TABULATE 9 BOTH 243 SOO COMPOSITE STAT 
243 COMPARE ' P8 G K80 244 
2W-""ASSIGN"" '8+" " K200 "245"" PB=(281,28~5) 
245 SAVEX *8 V26 BOTH 246 500 TIME SINCE MOH 
246 COMPARE X*8 G V17 247 
247 SAVEX *8 KO 248 RESET ENGINE 
248 ASSIGN 8- K200 249 
249 ASSIGN 4 V37 _ 250 MAINT. TIME 
"25TJ-"HOLD *8 501 *4 HCOPTER MAINT. 
252 ASSIGN 5 K2 253 82 VEHICLE PT. 
253 ASSIGN 8 FN10 232" ASGN FACILITY 
254 ASSIGN 5 K4 255 83 VEHICLE PT. 
255 ASSIGN" 8 ""FN IT" 232 • ASGN FACILITY 
256 ASSIGN 5 K8 257 84 VEHICLE PT. 
257 ~ASSIGN" ~ "" 8 - FNT2"" 232 ASGN FACILITY 
258 ASSIGN 5 K16 259 85 VEHICLE PT. 
259 ASSIGN 8 FN 13 232 ASGN FACILITY 
280 ASSIGN 5 Kl 281 81 VEHICLE PT. 281 ASSIGN 8 FN8 ~ 282 ' ASGN FACILITY 
262 ASSIGN 6 V43 BOTH 284 285 TIME+WEA EFF 
284 COMPARE" "Pi NE P5 286 285 ASSIGN 2 V13 237 LOCAL S. TIME 
266" ASSIGN" 2 V15 237 OTHER S. TIME 308 ADVANCE FN 22 
TT 
310 ADVANCE FN 23 - -
311 ADVANCE ALL 314 319 
31)2 ADVANCE ALL 315 319 
313 ADVANCE BOTH 315 311 
311 COMPARE V15 L ' K31 280 
315 COMPARE V19 L K255 256 
~ 316 COMPARE V50 L K255 258" 
317 COMPARE V18 L K255 251 
318 COMPARE VI 7 L K255 . 252 
319 COMPARE V16 L «255 230 
500 TERMINATE " 
501 TERMINATE 
*********************** *************^**** ****** **"****> 1 TABLE P2 5 5 100 
" 2 TABLE P2 5 5 " " 100 "' 
3 TABLE P2 5 5 100 , 
1 ~ TABLE P2 5 " 5 100 
5 TABLE P2 5 5 100 
6 TABLE P2 5 ' " 5 10 0. 
7 TABLE P2 5 5. , 100 
8 TABLE P2 5 100 ""' * 
9 TABLE P2 5 5 100 
10 TABLE PI 0 5 100 
81 TABLE P2 5 5 100 
• 8 2 " TABLE P2 5 5 100 ' 
8O TABLE P2 5 5 100 
81 TABLE P2 5 5 100 
85 TABLE P2 5 5 100 
START 21600 
"SAVE* : 'NR~I " VSL'UE MR, VALUE" NR V 
100 0 101 0 102 
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APPENDIX C 
Gt = X t ' Xt-1 
but for forecasting, it is more relevant to consider an estimate of 
the average trend over all past data, exponentially averaged (12). It 
is assumed that the average trend at period t is a normalized linear 
combination of the trend for that period and the average trend for the 
past period. 
G t = yG t.+ C 1-Y)G t_ 1 for 0<y<l 
As y approaches 1 the effect of the past trend decreases and more 
weight is given to the current trend. 
The seasonal effect on the call rate is the deviation from the 
average for a particular period. 
S t = D t/X t 
where D is a data value for time t. If L is the number of periods in 
FORECASTING TECHNIQUE AND EXAMPLES 
The trend in service calls could be taken as the difference 
between consecutive periods, 
80 
a cycle and the average seasonal factor is considered to be a normalized 
combination of the present factor and the average factor for the past 
period, then 
s t = e(D t/x t) + ( i - 3 ) s t _ 1 
As 3 approaches one the seasonal factor becomes more sensitive to 
fluctuations in changes between periods. 
The exponentially weighted average becomes 
£ = (aD t/§ t_ L) + (l-a)(Xt__1+Gt_1) for 0<a<l 
The forecast formula can be written 
Ft +T " < V T V §(t +T-L) f O T T ± L 
or 
F t + T = ( V T §t ) § ( t +T-KL) f O T (K-1)L<T<KL 
thus taking into account forecasts of more than the number of periods 
in one cycle. The value of K is the integer value of T/L. 
Computational Sequence 
Initial conditions for the forecast computational sequence can 
be obtained as follows. 
a. For X Q, use the average of all the available data. 
b. For GQ, let the average of the data for the first L 
81 
i tems of h i s t o r i c a l da ta equal V^, and the average of the da t a for the 
l a s t L i tems of da ta for the l a s t L i tems of da ta equa l V_. Then 
GQ = (V -V )/K 
where K i s the number of pe r iods between t h e f i r s t L i tems of da t a and 
the l a s t L i tems of d a t a . 
c . For S. T , S _ cons ider only i n i t i a l da t a i n m u l t i p l e s 
J . - L i Z—Li 0 
of L. (For example, i f t en items of da ta a re a v a i l a b l e , and L 4 , then 
only consider t he f i r s t e i g h t i tems of d a t a . ) Let be the average 
for the i t h mu l t i p l e of t he Lth y e a r ; t h e n , for each pe r iod t in t h e 
i t h year compute: 
K t = D t / V i - ̂ Y^-' t GQ ' • t = l , 2 , - - % L i 
fo r each year i being cons idered . The va lues of a r e then averaged 
over a l l i , y i e l d i n g a s e t of K^. These a r e normalized as fol lows t o 
y i e l d the i n i t i a l e s t i m a t e s . 
L 
S r = K L / J K for t = l , L 
t = l 
For any per iod t fo r which h i s t o r i c a l da ta i s a v a i l a b l e : 
1 . Compute 
2 . Compute 
3 . Compute 
S = 3 — + (1-3)S. 
M-. Set t = t+1 and go back t o s t e p one. 
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Example of Forecas t ing Technique 
Table 5 . C a l l s Answered by Grady Hospi ta l 
Y e a r 
Month 1966 1967 1968 
JAN 1056 1302 1785 
FEB 1002 1271 1582 
MAR 1217 1440 1685 
APR 1156 1468 1706 
MAY 1295 1482 1948 
JUN 1231 1401 1785 
JUL 1342 1641 1839 
AUG 1382 1761 1976 
SEP 1287 1697 1890 
OCT 1402 1772 2153 
NOV 1365 1752 2154 
DEC 1441 1822 1891 
TOTAL 15176 18810 22394 
Using t h e f i r s t two years ( the t h i r d y e a r ' s da t a w i l l be used t o show 
updat ing p rocedure ) : 
n 
a. X = Cl/n) I D = 33,986/24 = 1,416 
t = l 
b . V 1 = (15176/12) = 1264.67 
V 2 = (18810/12) = 1567.50 
GQ = (V 2 -V 1 ) /K = (1567.50-1264.67)/12 = 25.2 
c K t = D t / [ V i - ( ^ C i - t ) G Q ] for t = l , 2 , • • • , 1 2 ; L=12; i = l , 2 
For values of K. see Table 5 . 
Table 6. Values of K_, and S__ 
t t 
i = : 1 
t D t V. l % K t i 
1 1056 1265 5.5 138.5 .934 
2 1002 4.5 113.3 .870 
3 1217 3.5 88.5 1.034 
4 1156 2.5 63.0 .961 
5 1295 1.5 37.8 1.056 
6 1231 .5 12.6 .984 
7 1342 - . 5 -12 .6 1.051 
8 1382 -1 .5 -37 .8 1.060 
9 1287 - 2 . 5 -63.0 .970 
10 1402 - 3 . 5 -88 .5 1.036 
11 1365 - 4 . 5 -113 .3 .993 
12 1441 -5 .5 -138.5 1.028 
i = 2 
t D t V. l ¥ - * 5 o K t i 2 t i V L 
1 1302 1568 5.5 138.5 .913 .924 .927 
2 1271 4.5 113.3 .875 .873 .876 
3 1440 3.5 88.5 .975 1.004 1.007 
4 1468 2.5 63.0 .975 .968 .970 
5 1482 1.5 37.8 .970 1.013 1.058 
6 1401 .5 12.6 .902 .943 .986 
7 1641 - . 5 -12 .6 1.039 1.045 1.055 
8 1761 - 1 . 5 -37 .8 1.097 1.073 1.062 
9 1697 - 2 . 5 -63 .0 1.040 1.005 .973 
10 1772 -3 .5 -88 .5 1.070 1.056 1.039 
11 1752 - 4 . 5 -113.3 1.041 1.017 .996 
12 1822 - 5 . 5 -138.5 1.069 1.048 1.031 
11.966 
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With these i n i t i a l i z a t i o n s t e p s complete, a l l da t a va lues must 
be processed as fo l lows: 
X 1 = ( c d ^ / S ^ ) . * ( l - a)(X Q + G ) for a=.7 
= ( . 7 (1056) / . 927 ) + ( ,3) (1416+25.2) 
= 796 + 4 3 2 
= 1228 
G± = YC^-XQ ) + (1-Y)GQ for Y = . 2 
= .2(1228-1416) + .8 (25 .2 ) 
= .2( -188) + . 8 (25 .2 ) 
= -17 .4 
§ 1 = (PD^/J^) +" ( 1 - P ) S 1 - L for B=.7 
= ( ,7(1057) /1228) + ( . 3 ) ( . 9 2 7 ) 
= .603 + .278 
= .881 
The same procedure i s r epea ted for a l l da t a va lues which y i e l d 
the e n t r i e s in Table 6 . 
As an example of f o r e c a s t i n g , assume i t i s d e s i r e d t o p r e d i c t 
t he number of acc iden t s i n A p r i l , 1969. Since A p r i l i s t he four th 
month, t = 3 6 , T=4, and S = .985. 
F 40 =
 ( V T G t ) S t + T - L = ( 1 8 7 4 + 4 < - 4 - 7 ) ) - 9 8 5 = 1 8 4 6 
86 
The value of G i s not r e p r e s e n t a t i v e of t h e average G v a l u e . An 
3 D 
unusual ly l i g h t s e rv i ce r a t e caused the r e v e r s a l i n s l o p e . 
Table 7. Values of X , G and S. 
1966 1967 1968 
t § t - L t t G t § t - L 
1 1228 -17 .4 .881 13 1459 28.1 .890 25 1622 .4 1.038 
2 1164 -30.9 .866 14 1475 25.7 .863 26 1773 30 .6 .884 
CO
 1195 -18 .5 1.014 15 1443 14.2 1.003 27 1717 13 .3 .986 
4 1 1 8 7 - 1 6 .4 . 9 7 9 1 6 1 4 8 6 20 .0 .984 28 1 7 2 9 1 3 .0 .985 
5 1209 - 8 . 7 1.067 17 1426 8.0 1.055 29 1813 27 .2 1.062 
6 1234 -1 .96 .992 18 1420 5.2 .988 30 1816 22 .4 .983 
7 1261 3.8 1.060' 19 1588 37.8 1.040 31 1789 12 .5 1.031 
CO
 1291 9.0 1.067 20 1645 41.6 1.069 32 1835 19 .2 1.072 
9 1316 12.2 .976 21 1724 49 .1 .979 33 1907 29 .8 .987 
10 1342 15.0 1.043 22 1721 38.7 1.03.3 34 2038 50 .0 1.050 
11 1366 16.8 .999 23 1755 37.8 .997 35 2136 59 .6 1.004 
12 1393 18.6 1.113 24 1683 15.8 1.090 36 1874 . -M-.7 1.033 
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